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NEW AND ACCURATE METHOD 
Bb S thet Aa,» 7. 


FINDING A SHIP'S SITION AT SEA 


BY PROJECTION ON MERCATOR’S CHART. 


WHEN THE LATITUDE, LONGITUDE, AND APPARENT TIME AT THE SHIP ARE 
UNCERTAIN ; ONE ALTITUDE OF THE SUN, WITH THE TRUE 
GREENWICH TIME, DETERMINES, 


FIRST, 


THE TRUE BEARING OF THE LAND; 


SECONDLY, 


THE ERRORS OF LONGITUDE BY CHRONOMETER, 


CONSEQUENT TO ANY ERROR IN THE LATITUDE; 


THIRDLY, 


THE SUN’S TRUE AZIMUTH. 


WHEN TWO ALTITUDES ARE OBSERVED, AND THE ELAPSED TIME NOTED, THE 
TRUE LATITUDE IS PROJECTED; AND IF THE TIMES BE NOTED BY 
CHRONOMETER, THE TRUE LONGITUDE IS ALSO 
PROJECTED AT THE SAME OPERATION. 


The Principles of the Method being fully explained and illustrated 
| by Problems, Examples, and Plates, 


WITH RULES FOR PRACTICE, AND EXAMPLES FROM ACTUAL OBSERVATION. 
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RECOMMENDATIONS. 


The following letter from Professor Perrcr, of Harvard College, Cambridge, 
to J. INezrsoLL BowpitcH, Esq., President of the American Insurance 
Company, is published by permission. 


CAMBRIDGE, 16th March, 1843. 


My dear Bowditch 
I have examined Capt. Sumner’s processes, and they are founded on perfect- 
ly correct principles. 


I think his methods are especially valuable, because they require but one 
formula; and the Geometry is so simple and obvious, that it can easily be made 
intelligible to any man of good sense. 

Yours, truly, 


(Signed) ; BENJAMIN PEIRCE. 


In obedience to a resolution adopted at the last stated meeting of the “Naval 
Library and Institute,” in the following words, to wit: “Resolved, That a 
Committee of three members be appointed to investigate the ‘ New method of 
finding a Ship’s Position at Sea,’ by Capt. Sumner, and report at the next 
meeting,’ | 


The Committee respectfully submit the following Report : 


We have carefully examined the subject referred to, and find that Capt. Sum- 
ner’s method of ascertaining “ The Bearing of the Land; of finding a Ship’s 
Position by projecting two of those Bearings, and of projecting the Sun’s true 
Azimuth, &c.,” are all founded on spherical principles, as applied to Nautical 
Astronomy. ; 

And your committee is of opinion, that in practice, Capt. Sumner’s discovery 
(for we can call it nothing less,) will prove a useful auxiliary to the present 
knowledge of Navigators, and, as such, would recommend it to the attention of 
all persons interested in the promulgation and improvement of Nautical Science. 


(Signed) JAMES ALDEN, Lt. U. S. Navy, 
SAM’L R. KNOX, Lt. U. S. Navy, Committee. 
GEO. H. PREBLE, Passed Mid. U. S. N. 


“Naval Library and Institute,” 
Navy Yard, Boston, April 30th, 1843. 
I certify the above to be a true Copy of the Report. 
(Copy.) (Signed) W. WHELAN, Recording Secretary. 
Navy Yard, Boston, 9th May, 1843. 
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ERRATA. 


Tre following errors the reader is requested to correct; the first six are all of 
more or less importance to the geometrical sense; the others are of minor conse- 
quence. 

Page 23, line 2, instead of ““ P.M. The” read “ P. M., when the.” 

Page 23, line 3, instead of “ P. M., when the ” read “ P. M. ; the.” 

Page 29, line 6, after “sun’s” read “ true.” 

Page 49, line 15, instead of “ places” read “ place.” 

Page 75, line 25, instead of “ (or in-” read “ (or de-” 

. Page 75, line 27, erase the comma after “ Xa.” 


Page 30, line 27, instead of “their” read “ the.” 

Page 30, line 27, instead of “ chronometers ” read “ chronometer.” 
Page 38, line 24, instead of “ placed” read “ place.” 

Page 43, line 18, after “ with ” read “ the.” 

Page 43, line 24, after “ of ” read “ the.” 

Page 43, line 28, after “and” read “ the.” ; 
Page 76, line 9, instead of a period after “6” read a comma. 


[Letter from Captain Sturgis.] 


Boston, Jury 8th, 1843. 
Captain Tuomas H. Sumner, 
Sir, 
| I have examined with much care and attention 
your “ New method for finding a Ship’s position at Sea,” which I consider a valuable 
discovery. I have no knowledge of any Nautical work that directs otherwise than 
that observations be taken when the Sun bears East or West, therefore I think your 
method, when published, will be universally adopted by Navigators. I therefore 
recommend it to all who feel an interest in the promotion of Nautical Science, as 
well as practical Navigators. Wishing you every success in your undertaking, 
I am, very respectfully, 
Your obedient servant, 
JOSIAH STURGIS, 
Captain U. S. Revenue Cutter Hamilton. 


CONTENTS. 


To rue READER, 


Tue Practice or tuis Meruop, 


To find the bearing of the land, ee. bye one altitude at 
any hour, . 

To find the latitude and longitude by chronometer, ‘by 
two altitudes at one operation, 

To find the latitude by two altitudes ; times noted by 
“watch,” . 

To find the latitude and longitude by chronometer with- 
out projecting, ae : 

How to allow for possible errors of altitude, ; 

Table and Rules, showing errors of longitude, &c., 


II Tue ApvANTAGEs, 


THE PRINCIPLES, 


Explanation of them, . . 

To project a parallel of equal altitude in latitude, : 

To project two eee in latitude, showing their inter- 
sections, 

To project a parallel, in latitude and longitude ‘by chro- 
nometer, showing the bearing of the land, 

To project two parallels, in latitude and longitude ‘by 
chronometer, showing the true latitude and longitude, 

To project two parallels on a terrestrial globe showing 
the latitude, 

To project the change of station between two observations, 

To project the sun’s azimuth, . . , 

To project errors of longitude, &c., 

To project any arc of a parallel of equal altitude, 

To project two arcs, change of station, &c., and the lat- 
itude, &c., ne ae ee ee ee ee 


IV. Appuication To Moon, PLANeEts, aNnp FIxep Stars, 


The most simple method to do this, in most cases, 
Another process, 


V. CuRRENTS IN THE GULF AND STREAM OF FLORIDA, 


TO THE READER. 


Ir is not so much the object of this work to present the 
navigator with a new method of “ Double Altitudes,” as 
to afford him an accurate method of finding, by one-Alt- 
tude of the Sun taken at any hour of the day, with the . 
Chronometer time, the True Bearing of the Land, the 
Latitude, &c., being, from any cause,. uncertain; and 
to place him on his guard, when near a dangerous 
coast, (and all coasts are dangerous when the Latitude 
is not accurately known,) against those errors of Long- 
tude by Chronometer, which arise from an _ erroneous 
_ Latitude used in finding the apparent time at the ship; 
directing, particularly, his attention to the fact, as shown 
in these pages, that when the Latitude is uncertain, a 
single altitude of the sun, at any time of day, when not 
less than say 7° high, is, with a good Chronometer, as 
useful as a Meripian OpseErvatTion for the Latitude; and 
the errors above alluded to are rendered apparent. 

When a single altitude is thus calculated, one half of 
the calculation of a double altitude is finished; and a 
second altitude furnishes all that can be desired, both 
Latitude and Longitude. | 

‘Hence, it seemed proper to explain “Double Altitudes” 
by this method of projection; and it is believed, that it 
has the advantage over any other method, in the sim- 
plcty of the calculation, and in the fact, that ship-masters 
universally understand, and daily practice the numerical 
calculation, namely, that of finding the apparent time at 
the ship, which is the only one used. 
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Many navigators, having taken morning sights for the 
Chronometer, supposing the observation useless without 
“the Latitude,” wait for the meridian observation, in order 
to deduce the Longitude by Chronometer ; or, if the sun 
be obscured till afternoon, think a single altitude under 
such ¢ircumstances is of small value; and, by the com- 
mon methods, with good reason; for then the Latitude 
by dead reckoning from the preceding noon, must, in 
general, be used to find the apparent time at the ship; 
and here is the source of error; because, 26 to 30 hours 
having probably elapsed, in such time the ship may have 
sailed from 250 to 300 miles; if two days have passed 
without a meridian observation or double altitudes, then 
from 400 to 500 miles, in frequent cases; and while sail- 
ing so far, a small current, with a small error in the log, 
(if one is used, but they are much out of fashion in these 
days,) will easily make an error in the distance of half a 
mile an hour, and half a point in the course, and cause an 
error in the Latitude by dead reckoning, and consequently 
in the Longitude by Chronometer. 

Suppose the course and distance sailed by Log to be 
East 300 miles, from a place in Lat. 50° N., when the 
sun’s declination is 23.28 8.; but from accidental causes 
the true course and distance sailed is 315 miles E. 3 N.; 


the difference of Latitude is, in this case, 30.9 miles; but: 


the dead reckoning gives 50° N. for the Latitude to be 
used in finding the apparent time at the ship, if an ob- 
servation should be now taken. 

Now, with the most favorable altitude, (which is the one 
that is nearest tothe East or West points, when observed,) 
the /east error of Longitude by Chronometer is, in this in- 
stance, 1° 2’ ; and with other, greater altitudes, it may be 
three or four times as much, even when the Chronometer is 
strictly accurate. 

None of the works on Navigation, within the writer’s 
knowledge, exemplify, or even hint at this important 
source of error, but merely direct the observations to be 
taken when the sun bears as nearly “ Kast or West as pos- 
sible ;” but it is «impossible, for nearly 7 months in the year, 
to observe the sun in the East or West points. 

It is hoped, that the “ Method by Projection,” which ex- 
plains these errors, and renders a single altitude, taken at 
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any bearing of the sun, available, in a similar manner as a 
Meridian Observation, will supply a want which every 
practical navigator must have frequently experienced. 
The latter pages of this treatise are intended to show 
the Principles upon which this method depends ; and the 
problems there solved, and the examples given, merely as 
illustrations of those principles, in the order in which they 
are explained. | 
It has been endeavored, to explain them in such a 
manner, that practical persons may be led, step by step, 
to the entire understanding of the Theory. 
Notwithstanding they might prove amply sufficient to 
enable many readers to put the principles in practice, yet, 
since there may be persons who might not be inclined to 
sive them the attention necessary for this purpose, the 
more Practical Rules are introduced, so that all such per- 
sons may proceed at once to the adoption of this method. 
The present seemed a fit opportunity to offer the chart 
relating to the currents in the Gulf of Mexico, at the end 
of the book; if it serve no better purpose, it will put the 
mariner on his guard, in those parts so fatal to the com- 
mercial interests. 


10 


I. 


THE PRACTICE OF THE METHOD BY PROJECTION, 


WITH EXAMPLES FROM ACTUAL OBSERVATION. 


Tr is a direct inference from the Principles herein stated, 
that there is, by the common rules, but one proper instant 
of time in one day, namely, when the sun bears north or 
south, at which a single observation to find the Latitude 
can be taken with a correct result, unless the apparent 
teme at the ship is accurately known. 

And, when the Latitude is uncertain, that there are only 
two proper instants in one day; namely, when the sun 
bears Kast or West ; at which his altitude can be taken 
_ to find the Longitude by Chronometer with accuracy. 
All deviations from these bearings of the sun, at the 
time of observation, (in such circumstances,) are attend- 
ed with errors of Latitude, or of Longitude, proportional to 
the angular distance of the sun from these points; and 
these errors are frequently very great. 

To remedy this difficulty, and render a single altitude of 
the sun, taken at any angle from the menidian, or from 
the East and West points, ayailable, when the Latitude 
and apparent time at the ship are, from accidental causes, © 
uncertain, (the time of observation by Chronometer being 
given, ) the method of projection affords a substitute for a 
parallel of Latitude, or a meridian of Longitude ; namely, | 
a line diagonal to either of these, and which is called a 
PARALLEL OF EquaL ALTITUDE; which, when projected on 
Mercator’s Chart, according to the Rules given, shows a 
ship to be on such projected line, corresponding to the ob- 
served altitude; in a similar manner as a ship is found to 
be on a certain parallel of Latitude by a meridian observa- 
tion; consequently, the projected hne shows the BrEarine 
OF THE Lanp, in a similar way as a parallel of Latitude. 


“a 
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And likewise if two. altitudes be observed, the times 
being noted by Chronometer, and the two lines, corres- 
ponding to the two altitudes, be projected as before, then 
both the true Latitude and true Longitude is found at the 
wmtersection of the two projected lines. 


The following remarks are offered upon the corrections 
to be made at sea to any observed altitude of the sun, 
or other body. 

These corrections are commonly four; namely, for Par- 
allax, Semi-diameter, Dip, and Refraction. 

The first two are found for the given time in the Nauti- 
cal Almanac, and we have only to take them upon trust, 
as they are there laid down. 

But with regard to the last two, accuracy depends, in a 
great degree, upon the observer himself. 

With regard to Dip, it should be remembered, that in 
the large ships built at the present day, the eye is so 
elevated (especially from the poop-deck) that the dip is 
fully 1 more than has been usual. 

With some persons it has become a habit always to add 
12' to an observed meridian altitude of the sun’s lower 
limb, and from inattention they neglect to subtract the 
proper Refraction, when the altitude is observed for the 
purpose of finding the apparent time for the Longitude 
by Chronometer: important errors will often occur, if the 
proper corrections be not strictly applied for different alti- 
tudes observed. 

In all observations for the Latitude by two altitudes, by 


_ whatever method, all these four corrections should be ap- 


plied with particular care. 

Both Dip and Refraction being subtractive, if the proper 
corrections be not attended to, the error will be so much 
the greater. 
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The following Turee Practicat ProsiEeMs are deduced 
from the principles of the method. 


PROBLEM IL 


The Latitude, Longitude, and apparent time being 
uncertain, and one altitude of the sun being observed, at 
any hour, when sufficiently high above the horizon, the 
Chronometer time being noted, and declination given; it 
is required to project, on Mercator’s Chart, a line, diag- 
onal to the parallels of Latitude, and meridians of Longi- 
tude, called a parallel of equal altitude, which shall pass 
through the position of the ship, and show by inspection, 

ist. The Bearing of the Land. 

2d. The errors of Longitude by Chronometer, to which 
the ship is subject for any in the Latitude by dead reck- 
oning. 

3d. The sun’s true azimuth. 


Rute L 


1st. Select two Latitudes, one of which is the next 
degree (without any odd minutes) Jess, and the other, the 
next degree greater than the Latitude by dead reckoning. 

2d. Find, in the usual way, the ship’s Longitude by 
Chronometer, upon the supposition that she is in the least 
Latitude assumed; and project this position on your Chart 
in a point, which call A. 

3d. Find, in the same way, the ship’s position, suppos- 
ing she is in the greatest assumed Latitude; and project 
this position also on your Chart in a point, which call A’. 

4th. Join these two points by a straight line, which 
produce as far as necessary; this line is an arc of a 
“parallel of equal altitude”; and it passes through the true 
position of the ship; and whatever land it passes through, 
bears from the ship in the same direction as the line lays 
on the Chart. 

Sth. The error of Longitude by Chronometer, at the 
time of observation, to which the ship is subject for an 
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error of Latitude by D. R. (when this Latitude is used to 
find the apparent time,) amounting to one degree, is the 
difference of Longitude between the points A and A’; for 
half a degree, half that difference of Longitude, &c. 

6th. Erect a perpendicular upon the projected straight 
line A A’, on that side next towards the sun, and it will be 
in the direction of the sun’s true bearing; and the angle 
it makes with the meridian is the true azimuth. 


NOTE. 


Tt will thus appear, that the ship is always situated on a 
line, perpendicular to the sun’s true bearing or azimuth. 
_It follows, that the nearer an observation is taken to noon, 
the more accurately the Bearing of the Land is ascer- 
tained, by this method, if the CHRoNOMETER ITSELF BE 
ERRONEOUS. 

If the observation be taken near to Noon, (at other 
times of day a mistake would not be likely to happen,) and 
the declination and Latitude in are both of the same 
name; the sun bearing South in North Latitude, or North 
in South Latitude, neither of the two assumed Latitudes 
must be greater than the sum of the dechnation and the 
complement of the sun’s true central altitude; but if the 
Sun bears North in North Latitude, or South in South 
Latitude, then neither of the assumed Latitudes must be 
less than the difference between the dechnation and the com- 
plement of the sun’s altitude; but when the declination and 
_ Latitude in are of different names, neither assumed Lati- 
tude must be greater than the difference between the 
dechnation and the complement of the sun’s altitude. 

It may happen, when the altitude is near noon, that 
the difference of Longitude of the two points, A and A’, 
to be projected, may be greater than the extent in Longi- 
tude of the ‘particular’ chart in use; in such case, the 
points may be projected on a ‘general’ chart; or what 
would be better, assume two Latitudes, which are less than 
one degree distant; namely, one on each side of the Lati- 
tude by D. R.; the one being only ten miles greater, and the 
other only ten miles /ess than the Latitude by account; or 
if it be very near noon, five miles greater and less: taking 
care not to assume a Latitude too great, or otherwise,' as 
mentioned above. | 
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With this restriction, it is immaterial what two neigh- 
boring Latitudes are chesen, they may be either both 
greater or both less, or one greater and the other less than the 
Latitude by D. R.; but, in general, when the sun is not 
very near the meridian, it will be more convenient to 
assume Latitudes, one less, the other greater, and which 
have no odd minutes; because their logarithms are more 
readily taken from the Tables, as they are always at the 
top or bottom of the page. 

It is recommended to use Bowditch’s third method, for 
finding the apparent time; because it is something short- 
er, and there is a convenience in placing the logarithms, 
which neither of the first two methods admit. The result, 
however, will be nearly the same, by either method. It 
is proper to mention, however, that method 1, (Bow- 
ditch,) has its own advantages, as explained in the Nav- 
igator. 

Several of the logarithms used in finding the apparent 
tume are the same for all the operations; which contributes 
to shorten the method, in particular when two altitudes 
are observed. 


ExampLe [. 


On 17th December, 1837, sea account, a ship having 

run between 600 and 700 miles without any observation, 
and being near the land, the Latitude by D. R. was 51° 37’ 
N., but supposed liable to error of 10 miles on either side, 
N. or 8S. The altitude of the sun’s lower limb, was 12° 02’ 
at about 10 1-2 A. M, the eye of the observer being 17 
feet above the sea ; the mean time at Greenwich, by Chro- 
nometer, was 10"47™ 13° A. M. 
The True Bearing of the Land: what error of 
Longitude the ship was subject to, by Chro- 
nometer, for the uncertainty of the Latitude: 
The sun’s true azimuth. 


Required, 


dip 4 83” S. D. 16'8” 
refra. 4°23” Px, + 8” 
— 826” +16 16° 
| 8° 26" 

correction of alt. obsd +8’ 
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Obs’d Alt. © L. L. 12° 02’ 
correction + 8° 


True Alt.o’s centre, 12°10 


1st. The Latitude by D. R. was 51° 37’N. The Lati- 
tude the next degree less, without odd minutes, is 51° N.; 
and that, the next degree greater, is 52° N. 

2d and 3d. Find the Longitude of these two points, 
as follows: 


©’s. ALTITUDE 12° 10’ 


For the point A in Latitude 51° N. 
Lat. 51° N. - - - sec. 0.20113 
Dec. 23 23 SS - - - sec. 0.03722 


Sum 74 23 Nat. cos. 26920 
© Alt. 12 10 Nat. sin. 21076 


H. M. 8. Diff - 65844 log, 3.76671 


1 4359 from Noon = log rising = 4.00506 
12 hours. 

10 16 01 App. Time at Ship. 

— 3 37 Equa. Time. 

10 12 24 Mean Time at Ship. 

104713 do. by Chro. 
34 49 = 8° 421' West of Greenwich. 


For the point A' in Latitude 52° N. 
Lat. 52° N - = - sec. 0.21066 
Dec. 23 23 8S. - - - sec. 0.08722 
Sum 75 23 Nat. cos. 25235 
© Alt. 12 10 Nat. sin. 21076 
H. M. Ss. Diff - 4159 log, 3.61899 


1 28 283 from Noon = log rising = 3.86687 
12 hours. 


10 31 314 App. Time at ship. 
— 3 37 Equa. Time. 


10 27 544 Mean time at ship. 
10 47 18 do. at Greenwich, by Chro. 


19 184 = 4° 494' West Long. 
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4th. On Mercator’s Chart, Plate III, project the point 
A in Latitude 51° N., Longitude, 8° 422’ W.; and project 
the point A’ in Latitude 52° N., Longitude 4° 493' W. 

5th. Join the points A and A’ by a straight line; and 
the ship’s position is upon this line: which, referred to the 
compass, is found to tend E. N. E. true ; and shows, that 
Small’s Inght bears E. N. E. true from the ship. 

6th. The error of Longitude to which the ship was sub- 
ject for 10 miles error of Latitude, is 39 minutes, as pro- 
jected. 3 

7th. The sun’s true azimuth is 2 points from South, or 
S. 8. E., as projected. 


NOTE. 


The ship’s true position, in Latitude and Longitude, at 
the time of this observation, is shown on the plate, as was 
actually proved by making Small’s Light. (see page 38.) 

Had it been required to make Tusker Light, a north- 
erly course might have been shaped, and such a “depar- 
ture” made from the straight line A A, (30 miles in this 
case,) as would have brought Tusker to bear E. N. E., and 
then the course again altered to E. N. E., and Tusker 
would have been made as shown on the plate. But, as 
the wind was 8. E., when this observation was taken, it 
was preferable to make Small’s Light. 

Thus, if the projected line does not pass through your 
port, a proper course may be shaped, by which you will 
ultimately make the land as desired, in the same manner 
as by a meridian observation; which may place you on 
a parallel of Latitude, which passes some miles to the 
— or south of your port, or the head-land you wish to 
make. 

The accuracy of your work may be very readily ver- 
jied, by assuming a third or intermediate Latitude, (for in- 
stance, the Latitude by D. R.,) and finding a third point, 
which project as before ; then, if the three points be not 
very nearly in the same straight line, you have made a 
mistake in your work. It should be observed, however, 
that the middle point should in truth be a little out of the 
straight line, and in a direction from the sun; agreeably 
to the curves laid down in Plate I; but with altitudes 
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which are not great it would be a very tnfling difference 
from a straight line, indeed, scarcely perceptible. 

When the line is projected, your Latitude by D. R. 
gives your approzimate position in the line; that is, your 
approximate distance from the head-land through which 
the line passes. 

If the line runs parallel to a coast, it gives your true 
distance from such coast. In the above example, the true 
distance from the Jrish coast is found to be 30 miles; and 
the true bearing of Small’s E. N. E. 


ExampLe [I. 


On 4th April, (sea account,) 1840, at about 1, P. M., the 
correct central altitude of the sun was 60° 32’ the mean 
time at Greenwich, by Chronometer, 6° 13" 56° P. M.; 
the Latitude by dead reckoning was 32° 20' N., but sup- 
posed liable to an error of 10 miles on either side. 

Required, the true bearing of the land; the error of 
Longitude by Chronometer consequent to 10' error of 
Latitude ; and the sun’s true azimuth. 

ist. The two Latitudes to be used in the calculation, 
are 32° N., and 33° N.; one on each side of the Latitude 
by D. R. 

2d and 3d. Find the Longitudes of the points A and A’, 
having those two Latitudes, as follows: 


For the point A in Latitude 32° N. 


Lat 322 N - - = — see. 0.07158 
Dec. 5 35 N. - - - = sec. 0.00207 
Diff 26 25 Nat. cos. 89558 
© Alt.60 32 Nat. sin. 87064 

uo ms. Diff - 2494 log, 3.39690 
P.M. 0 55 51 = log rising, = 3.47055 

+ 3 21 Equa. Time. 

0 59 12 Mean Time P. M. at Ship. 

6 13 56 do. - by Chronometer. 
Diff 5 14 44 = 78° 41' West Longitude. 

3 
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For the point A' in Latitude 33° N. 


Lat. 33° N. - - sec. 0.07641 
Dec. 5 85 N. - - - sec. 0.00207 


Diff. 27 25 Nat. cos. 88768 
© Alt. 60 32 Nat. sin. 87064 


| H. M. 8s. Diff - 1704 log, 3.23147 
P.M. 0 46 23 = _ log nsing, = 3.30995 
+ 3 21 Equa. Time. 
0 49 44 Mean Time P. M. at Ship. 
6.13 56 do. Chronometer. 
Dif. 5 2412 = 81° 03' West Longitude. 


4th. On Mercator’s Chart, Plate IV, project the poimt 
A, in Latitude 32° N., Longitude 78° 41' W., and project 
the point A’, in Latitude 33° N., Longitude 81° 03' W. 

5th. Join the points A and A’, by a straight line; this 
line passes through the position of the ship; it is found 
to tend N. W. by W. 4 W., showing that the land, situ- 
ated about 10 miles S. Westerly, from Charleston light, 
bears N. W. by W. 3 W. 

6th. The error of Longitude by Chronometer, to which 
the ship was subject from 10’ error of the Latitude, is 
seen to be 24’, as set off on the Plate. 

7th. The sun’s true azimuth is also projected; his 
bearing being nearly 8. 8. W.3 W. 


NOTE. 


If it be required to make Charleston light, then sail 
northerly from the line AA’, until a departure from AA’ 
is made equal to about 10 miles, then haul up N. W. by 
| W. 4 W. until the light is seen. 
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PROBLEM IL 


Two correct altitudes of the sun’s centre being obser- 
ved ; and the times of observation noted by Chronometer ; 
the declinations at both times, and the Latitude by D. R. 
being given, and A. M. and P. M. times of observation 
noticed ; 

Required to project the two corresponding “straight 
lines” on Mercator’s chart, showing their mutual intersec- 
tion; the true Latitude and Longitude, and nee Wise the 
results of Problem L 


RULE. 


ist. Proceed as in Problem J, to project the first 
straight line AA’, which will correspond to the first ob- 
served altitude. 

2d. Proceed in exactly the same manner, to project 
the second straight line, (using the very same assumed 
Latitudes, as before,) and it will correspond to the second 
observation; name the two points in it, which have the 
assumed Latitudes, B and B’; taking care to correct the 
declination, if any change has taken place in it between 
the observations, and likewise the equation of time. 

38d. These two straight lines will be found to intersect 
each other, for the most part, between the two assumed 
Latitudes; if they do not intersect, then produce them to 
an intersection; and the intersected point will be in the | 
Latitude and Longitude ofthe ship, if she has not changed 
her station between the observations. 

4th. If the ship has changed her station; then, set off 
the distance sailed between the observations, in the direc- 
tion of the course made good, from any point in the 
straight line AA’; through this point draw a straight line, 
parallel to AA’, and produce it until it intersects the 
straight line BB’; this new intersection with BB’ is the 
position of the ship in Latitude and Longitude at the 
time of the second observation corrected for change of 
station. 

5th. The other requisitions of the Problem are ex- 
- plained in Problem L 
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NOTE. 
6 


It follows from the principles hereafter explained, that 
all observations for the Latitude by double altitudes, by 
whatever method, are to be preferred, when the observa- 
tions are taken at right angles to each other, by compass. 

If it is preferred, you may correct the first altitude for 
change of station, before finding the apparent times; and 
then the intersection of the two straight lines, AA’ and 
BB will be the ship’s position in Latitude and Longitude 
at the time of the second observation. 


ExamMpPtLe I. 


January 1st, 1839. The sun’s correct central altitude, 
A. M., was 14° 23’; the mean time at Greenwich, by Chro- 
nometer, being 11" 8" 18° A. M.; and when the time 
by Chronometer was 12" 6™ 44° P. M., his correct cen- 
tral altitude was 19° 33’ A. M.; the Latitude, by account, 
being 43° 45’ N. Between the observations the ship sailed 
only one mile N. E. by E. 

Required the true Latitude, and the true Longitude, at 
the time of the second observation, &c. 

1st. The two Latitudes to be used are 43° N. and 
44° N, : 


For tue First ALtTiTrupE 14° 23’ A. M. 


To find the point A. in Latitude 43° N. 
Lat. 43° UN. - : - - sec. 0.13587 
Dec. 23 03 8. - - sec. 0.03613 


Sum. 66 03 Nat. cos. 40594 
© Alt. 14 23 Nat. sin. 24841 


H. Ms. Diff - 15753 log, 4.19736 
2403 =  Ilogrising, = 4.36936 
12 hours. 


919 57 App. time A. M. ship. 
+ 3 42 Equa. time. 


9 23 39 mean time at ship. 
11 818 mean time Chronometer. 


14439 = 26° 9' 45” West Longitude of A. 
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To find the point A’, in Latitude 44° N. 


Lat. 44° N. : - - sec. 0.14307 
Dec. 23 03 S. - - - - sec. 0.036138 


Sum. 67 03 Nat. cos. 38993 
© Alt.14 23 Nat. sin. 24841 


H.M. 8. Diff - 14152 log, 4.15082 
23240 = log rising, = 4.33002 
12 hours. 


9 2720 App. time, A. M. at ship. 
+ 3 42° Equa. time. 


9 31 02 mean time at ship. 
11 08 18 do Chronometer. 


13716 = 24°19’ West Longitude of A’. 


For tue Seconp ALTITUDE 19° 33’ A. M. 
To find the point B, in Latitude 43° N. - 


Lat. 43 00 N. - - - sec. 0.13587 
Dec. 23 03S. - - - - sec. 0.03613 
Sum. 66 03 Nat. cos. 40594 
© Alt.19 33 Nat. sin. 33463 


H. M. 8. Diff. - 7131 log, 3.85315 
1 46 28 = log rising = 4.02515 
12 hours 


10 13 32 App. time at ship, A. M. 
+ 3 43 Equa. time. 


10 17 15 mean time at ship, A. M 
12 06 44 do Chronometer. 


149 29 = 27° 22' 15" West Longitude of B. 
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To find the point B', in Latitude 44 N. 


Lat. 44 00 N. - - - sec. 0.14307 
Dec. 23 03S. - - - - sec. 0.03613 
Sum. 67 03 Nat. cos. 38993 
© Alt.19 33 Nat. sin. 33463 


H. M. 8. Diff - 65530 log. 3.74273 
13421 = log nising, = 3.92193 
12 hours. 


10 25 39 App. time at ship, A. M. 
+ 3 43 Equa. time. 


10 29 22 mean time at ship. 
12 06 44 do. Chronometer. 


13722 = 24° 20' 30" West Longitude of B. 


| the point A, in Latitude 43° N. 
2d. On Mercator’s Longitude 26° 9' 45" West. 
Chart, Plate V, project the point A’ in Latitude 44° N. 
Longitude 24° 19' West. 
Join A and A‘, and this line will pass through the posi- 
tion of the ship at the time of the first observation. 
also the point B, in Latitude 43° N. and in 
Longitude 27° 22' 15" West, 
and the point B'in Latitude 44° N., and in 
Longitude 24° 20' 30" West. 
Join B and B;, and this line will pass through the posi- 
tion of the ship at the time of the second observation. 
3d.. It is seen that these two lines intersect each other 
in Latitude 44° 1’ N., which is the true Latitude, and the 
true Longitude is 24° 18’ W. 
4th. No correction is required for change of station, 
since the course sailed was on the first projected straight 
line AA’ tending N. E. by E., the same as the course sailed. 
5th. The other requisitions of the Example are pro- 
jected asin Problem L 


Project. 


Exampte [Il. 


On December 21st, 1833, the sun’s correct central altitude 
was 20° 23' A. M., when the Chronometer time was 1° 
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34™ P. M.; and his correct central altitude was 25° 10' 
P. M. The mean Greenwich time was 5" 55™ 34° 
P. M., when the Latitude by account being 36° 08' N., and 
between the observations the ship sailed E. N. E. i E., 25 
miles. Required to project, on Mercator’s Chart, the true 
Latitude and Longitude by Chronometer, &c. 

1st. The two Latitudes to be assumed, less and great- 
er, than 36° 8' N. are 36° N. and 37° N. The declina- 
tion is 23° 27’ 8. and Equation of time as under. 


For tHe First ALTiTupE, 20° 23' A. M. 


For the point A, in Latitude 36° N. 
Lat. 86 00 N. - - - sec. 0.09204 
Dec. 23 27S. - - - - sec. 0.03744 


Sum. 59 27 Nat. cos. 50829 
© Alt. 20 23 Nat. sin. 34830 


HM. Ss. Diff - 15999 log, 4.20409 
2 33 20 = log rising, = 4.33357 
12 hours. 


9 26 40 App. time at ship, A. M. 
— 140 Equa. time. 


9 25 00 mean time at ship. 
13 34 00 do. Chronometer. 


“40900 = 62° 15' West Longitude of A. 


For the point A', in Latitude 37° N. 
Lat. 37 00 N. - - - sec. 0.09765 
Dec. 23 278. - - - - sec. 0.03744 


Sum. 60 27 Nat. cos. 49318 
© Alt. 20 23 Nat. sin. 34830 


H. M. 8. Diff - 14488 log, 4.16101 
2 26 37 = log rising, = 4.29610 
12 hours. 


9 33 23 App. time at ship, A. M. 
— 140 Equation. 


9 31 43 mean time at ship. 
13 34 00 do. by Chronometer. 


40217 = 60° 343' West Longitude of A’. 
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For tue Seconp ALTITUDE, 25° 10' P. M. 
For the point B, in Latitude 36° N. 


Lat. 36 00 N. . - - sec. 0.09204 
Dec. 23 278. - - - - sec. 0.03744 


Sum. 59 27 Nat. cos. 50829 

© Alt. 25 10 Nat. sin. 42525 

ae Diff - 8304 log, 3.91929 
14927P.M = lognsing, = 4.04877 
— 1 30 Equation time. 


1 47 57 mean time at ship, P. M. 
5 55 34 do. Chronometer. 


40737 = 61° 544' West Longitude of B. 


For the point B' in Latitude 37° N. 


Lat. 37 00 N. - - - sec. 0.09765 
| Dec. 23 278. - - - - sec. 0.03744 


Sum. 60 27 Nat. cos. 49318 
© Alt. 25 10 Nat. sin. 42525 


ae a Diff - 6793 log, 3.83206 


ee 


1 39 28 = log rising, = 3.96715 
— 1 30 Equation time. 

1 37 58 mean time at ship. P. M. 

5 55 34 do. Chronometer. 


41736 = 64° 24’ West Longitude of B. 
? 


Project on Mercator’s Chart, Plate VI, the four points 
A, A’, B, B'; in their respective Latitudes and Longitudes ; 
and join A and A’; B and B. If the ship had not 
changed her station, her true place would be at their in- 
tersection. 

38d. But since this is not the case, from any point, as 
P, in the line AA’, set off the point D, 25 miles E. N. E. 3 
E., the course and distance made good between the ob- 
servations; through D, parallel to AA’, draw an indefi- 
nite straight line DB; the intersection of DB with BB;, is 
the ship’s place at the second observation. 
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4th. The correction in miles of the first altitude, for 
change of station, is the perpendicular upon AA’ from B 
to C, equal to 10' additive. 

The true Latitude is 36°N.; and the Longitude by 
Chronometer is 61° 543' West of Greenwich. 


NOTE. 


This observation was found to be accurate by mieiiian 
observation of the sun, as follows: 
o’s observed altitude was 30° 24’ bearing 8. 
11 correction. 
30° 35 
59 25 Zenith distance N. 
23 27 Declination 8. 
The ship’s intermediate 
position between the obser- 35 58 Latitude N. 
vations was at noon. 


PROBLEM IIL 


When two altitudes of the sun are observed, and 
the times are noted by a “ well-regulated watch,” for the 
elapsed time, the course and distance being given; and it 
is required to find-the Latitude only; we may consider, in 
such case, that the “ watch” shows mean time at any mer- 
dian, which we may please to assume; in the same way 
as the “ Chronometer” shows mean time at the known 
meridian of Greenwich. 

We may, then, assume, as a first meridian, that of 
Greenwich ; and set the hands of the watch, previously to 
any observation, to the Greenwich mean time, as nearly as 
we may be able to estumate it, according to the supposed 
Longitude of the ship by account. And then we may 
regard the “watch” as a “ Chronometer.” 

Having done this, proceed exactly as in the last two Ez- 
amples, to find the Longitudes of A, A’, B, B’; and project 
them by that rule, and the true Latitude will be found as 
before ; ne the Longitude from Greenwich will not be 
found ; since the watch shows only the approximate time 
at Greenwich. 
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But it is not absolutely necessary to set the hands of 
the watch to the Greenwich time, but merely see how 
much the watch is fast, or slow, of such estimated time, 
and allow for the error, accordingly. Thus it is quite im- 
material what hour and minute the watch shows; it 
is only required, that the going of the watch between 
the observations is known to be accurate. 

By assuming that the watch shows Greenwich time, 
the resulting Longitudes will be such as correspond in 
degrees to the chart in use; otherwise, any other meridian 
might be assumed with equal success. 

The above method will be found the most simple, and 
is to be always used when the sun is the object observed ; 
but to familiarize the learner with the principles of this 
method, so that he can apply the method in all cases to 
the fixed stars and planets, the following example is 
given, in which the four points are projected by a differ- 
ent process; for the rule to do this, the reader will refer to 
Problem VI. and Example (page 59.) 


EXAMPLE. 


On the 4th of January, 1839, sea account, between 2 
and 3 o'clock, P. M.,, the sun’s true central altitudes were 
15° 10’; and 10°30’; and the elapsed time was 46" 5°. The 
course and distance made good between the observations, 
being E. N. E., 6 miles; the Latitude by account 46° 25' N. 
Required the true Latitude, at the time of the second ob- 
servation ; the correction of the first altitude for change 
of station; the sun’s azimuth at each observation. 

1st. The elapsed time is 46 m. 5s, = 11° 81’ 15”, or 
the difference of Longitude of Z’, West of Z. 

2d. The two Latitudes to be assumed, will be 46° N. 
and 47° N. 

3d. Find the apparent times “ from noon,” as follows: 
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For THE First Autirupe, 15° 10’ P. M. 
For the point A, in Latitude 46° NV. 


Lat. 46 00 N. - - - sec. 0.15823 
Dec. 22 5148S. - - . - sec. 0.03552 


Sum. 68 514 Nat. cos. 36068 

© Alt. 15 10 Nat. sin. 26163 

eee Diff - 9905 log, 3.99585 
29 12 = log rising, = 4,18960 
2 9 12 = 32°18' diff, Longitude Kast of Z, be- 
cause P. M., of a point A, in Latitude 46° N. ! 


For the point A' in Latitude 47° N. 


Lat. 47 00 N. - - - sec. 0.16622 
Dec. 22 5138. - - - - sec. 0.03552 
Sum.69 514 Nat. cos. 34435 

© Alt.15 10 Nat. sin. 26163 

WM. s. Diff - 8272 log, 3.91761 
1 58 55 = log rising, = 4.11935 
158 55 = 29° 43%’ diff Longitude East of Z, 

because PM, of a point A’in Latitude 47° N. 


For tHE Seconp ALTITUDE, 10° 30’ P. M. 
For the point B, in Latitude 46° N- 


Lat. 46 00 N. - - - sec. 0.15823 
Dec. 22 514 8S. - . - - sec. 0.03552 


Sum.68 513 Nat. cos. 36068 
© Alt. 10 30 Nat. sin. 18224 


aoe Diff - 17844 log, 4.25149 


es 


290 22 = log nsing, = 444524 
2 55 22 = 43° 504’ ditt Longitude East of Z, 
because P. M. of a point B in Latitude 46° N. 
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For the point B', in Latitude 47° N. 


Lat. 47 00 N. - - - sec. 0.16622 
Dec. 22 5148. - - - = sec. 0.03552 


Sum. 69'514 Nat. cos. 34435 
© Alt.10 30 Nat. sin. 18224 


ae ie 3S: Diff - 16211 log, 4.20981 
2 48 23 = log rising, = 4.41155 
24823 = 42° 53’ diff. Longitude East of Z,, 
because P. M. of a point B’, in Latitude 47° N. 


A in Lat. 46 N., is Eastof Z, 32° 18' 
Z is East of Z', - . - 11 312 
A is, also, East of Z’, - = 43° 49} 
Project A, on the chart, Plate VII, in Latitude 46° N.,, 
and in any Longitude; and mark it, East of Z, 32° 18’; 
and East of Z, 43° 492’. 


A’, in Lat. 47° N., is Eastof Z 29° 433’ 
A 46°N.,is Eastof Z 32 18 
A'is West of A - = 2 341 
Project A’, in Lat. 47° N.; and 2° 342' West of A, mark 
it 29° 433’ East of Z. 


A is East of Z’ - - = 48° 49}' 
B in Lat. 46° N. is East of Z' 43 504 
Bis East of A - = 1} 


Project B’, in Lat. 46° N., 13 East of A, and mark it 
43° 504 East of Z. 


Ais East of Z - . 43° 49}' 
B, in Lat. 47° N., is East of Z’ 42 65} 
B is West of A - -_ = 1 434 


Project B, in Lat. 47° N., 1° 434’ West of A. and mark it 
42° 53' East of Z. 


5th. Join by straight lines A, A’, and B, B, from any 
point, as P, in AA’, set off the point D, with the course 
and distance, E. N. E., 6 miles; through D, draw a line 
parallel to AA’, and its intersection with BB’, is the true 
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Latitude at the time of the second observation, namely, 
46° 152' N. 

6th. The correction of the first altitude is 5 miles sub- 
tractive, as projected by the rule; the bearings of the 
sun are also projected. 


If the sun’s azimuth could be always exactly observed, 
it would be necessary to find the Longitude of only one 
point in each straight line; and that might be found 
by using the Latitude by dead reckoning to get the appa- 
rent time; for then, if a line be drawn on the chart, 
through this point in the ezact direction of the sun; and 
a second line be drawn through the same point, and 
perpendicular to the first line; it would show the bear- 
ing of the land &c. as before; and if two altitudes were 
taken, and the lines thus projected, the Latitude and 
Longitude would be very easily found — but unless under 
very favorable circumstances this cannot be done with 
sufficient accuracy ; and the only safe way is to find the 
position of two points in each line as directed. 

It is evident, that, having found the position in Latitude 
and Longitude of the two points in either straight line, 
the bearing of one from the other is easily found by case 
L Mercator’s salng ; and thence the bearing of the land; 
but still it is preferable to project them. 7 

The Latitude may be found by this method of calcula- 
tion from two altitudes, without projecting the straight hnes, 
as follows. Note the elapsed time by watch or Chro- 
nometer, (in example, Problem III, this was 46™ 5°;) 
with both altitudes, find the apparent times from noon, 
using either one of the two assumed Latitudes; take 
the difference of these times; (in example, Problem JI], 
the times for o’s Altitude, 15° 10’ and 10° 30, in assumed 
Latitude 46°, were 2° 9™ 12° and 2" 55™ 22°; their difference 
is 46" 10°;) which difference of times (46™ 10°) would have 
been the elapsed time, if the true Latitude had been 46°; 
but 46™ 10° is 5° greater than the elapsed time noted by 
watch; do likewise with both altitudes, using the other 
assumed Latitude; (we have, example Problem III, for 
Latitude 47°, the times 1" 58" 55°, and 2" 48™ 23°; their 
difference is 49™ 28°,) which difference would have been 
the elapsed time if the true Latitude had been 47°; but 
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49™ 28° is 3" 25° greater than the elapsed time noted, (46™ 
5°;) therefore, in this example, the further north we as- 
sume a Latitude the greater we make the error in the 
elapsed time ; and we may already see that the true Lat- 
itude is not so much as 46° N. Now take again the 
difference between 46™ 10%, (the elapsed time if the Lat- 
itude be 46°,) and 49™ 28°, (the elapsed time if the Latitude 
be 47°;) this difference is 3" 18*; then make this propor- 
tion; if 3" 18° is the error of elapsed time, caused by an 
error of Latitude of 1°, what is the error of Latitude (to 
be subtracted from 46° N.) caused by an error of 5° of 
elapsed time? by proportional logarithms (Table XXII, 
Bowditch,) we have 


3™ 18° Arith. Comp. log 8.2632 


i A771 

0" 5° 8.3345 

Ans.= 1’ 31" log 2.0748 
46° 0' 00" 


45° 58’ 29" Latitude of the intersection of - 
AA' and BB. 


By reference to Plate VII, we see that the straight lines, 
AA’ BB, intersect each other a little to the south of Lati- 
tude 46°; no change of station being allowed; to find the 
true Latitude, according to the example, we should have 
Jirst corrected the first altitude for change of station; and 
then proceeded as above. The Longitude also may be 
found when their times are noted by Chronometers, by a 
similar process. | 

What are the errors to which observations calculated 
by the method of projection are subject ? 

The only calculation used, is that for finding the ap- 
parent time ; for this purpose, three things are necessary ; 
the latitude, the declination, and the altitude; if all these 
be accurate, we have the true apparent time; and if the 
chronometer is right, we have no error ; excluding such 
as may arise from inaccuracy of noting the times, of 
adjustment, reading off, &c., which ordinary care will 
prevent. 

Now, by assuming the latitudes used, no error exists in 
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this element; the declination also may be considered 
accurate; and the only remaining source of error is in the 
altitude observed. 

This is usually less than two miles; but we may find, 
that by the common rules this will make a large error in 
the ship’s position by Chronometer, as the sun approaches 
the meridian; because the resulting time is applied d- 
rectly to finding the Longitude. When the sun bears east 
or west, the error would be exactly equal to the error of 
altitude turned into time; but as the sun approaches the 
meridian, the error of time may be regarded as the 
hypotheneuse of a right-angled triangle, one of whose 
angles is very acute; and the short leg opposite to this as 
the error of altitude; and while the short leg always 
remains the same, the hypotheneuse continually increases, 
thus causing continually increasing errors in the position 
by Chronometer. 

But by this method, the same things existing in the 
triangle, the error in the bearing of the land is always equal 
to the error of altitude; as when a meridian observation 
is observed one mile too great, the bearing of the land in 
the parallel of Latitude resulting, is one mile erroneous. 
There is no reason, then, why we may not observe the 
sun at any bearing. 

We may then readily find by inspection of any projected 
observation, the small limit of error to which it is liable ; 
or by drawing a parallel line on each side of each pro- 
jected “parallel of equal altitude,” at the greatest distance 
from it that it is possible for the altitude to be erroneous, 
we shall have the eztreme limit of error; and thus know 
what degree of confidence can be placed in every altitude 
observed; and hence in the bearing of the land, by one 
altitude; and in the Latitude, and Longitude by Chro- 
nometer, when two altitudes are observed. 


That the navigator may see, at a glance, the errors of 
Longitude by a strictly accurate Chronometer, to which he 
is subject, for an error of the Latitude used in finding the 
apparent time of the ship, when he cannot get sights of 
the sun at the time he bears E. or W., the following Table 
is calculated upon the principles of this method. : 
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This will serve as a guide to know the greatest error of 
Longitude consequent to any observed altitude; but then 
the greatest possible error of Latitude must be allowed for 
this purpose. 

But since the real error of Latitude cannot be known by 
one altitude, (except it be a meridian observation,) it will 
still be necessary “to project” the observation as directed, 
finding thereby the Bearing of the Land, in a similar way 
as by meridian observation. 


TABLE, 


Showing the errors of Longitude by Chronometer, in 
Nautical miles, (60 to a degree of Latitude,) for one mule 
error of the Latitude used in finding the apparent time 
at the ship; when the sun does not bear true E. or W., at 
the time of observation. 


©’s TRUE AMPLITUDE ERROR IN NAUTICAL | ©’s TRUE AMPLITUDE ERROR IN NAUTICAL 
IN POINTS. MILES. IN POINTS. MILES. 


d 0.049 4} 1.103 
; 0.098 43 1.219 
} 0.148 43 1.348 
1 0.199 5 1.497 
13 0.250 5} 1.669 
13 0.303 54 1.871 
1} 0.358 5} 9.115 
2 0.414 6 2.414 
23 0.473 6} 2.795 
24 0.535 64 3.297 
2} 0.599 63 3.992 
3 0.668 ” 5.027 
34 0.742 7} 6.741 
34 0.821 74 10.153 
34 0.907 73 20.356 
4 1.000 8 Infinite. 


To know if this error of Longitude be to the E. or W. 
of the trve Longitude, the following Rules are given, and 
will be found to include every case. 
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i. 


Southerly when in N. Latitude, 
poe bears } Northerly when in 8. Latitude, 


And the time of observation is A. M., then, if 


the Latitude, used in finding the apparent time, be {°72;7} 
than the true Latitude, the Longitude will be too far { i 


But if the time of observation be P. M., then, if 


the Latitude used in finding the apparent time be {7%} 
than the true Latitude, the Longitude will be too far {i} 


IL 


Northerly in North Latitude, 
pa a See care Southerly in South Latitude, ! 


And the time of observation is A. M., then, if 


the Latitude used in finding the apparent time be {&{* 
than the true Latitude, the Longitude will be too far { i 


But if the time of observation be P. M., then, if 


the Latitude used in finding the apparent time be {*72{7} 
than the true Latitude, the Longitude will be too far { 7 


Note. After the vernal equinox, when in north Latitude, 
observations may be often taken when the sun bears to 
the northward of the E. and W. points; and in south 
Latitude, after the autumnal equinox, when he bears to 
. the southward of them; also when the Latitude and 
declination are of the same name, and the declination is 
greater than the Latitude in. 

The method of using this Table will be best shown by 


EXAMPLE. 


If the sun bore 8S. W. by S., trwe, at the time of obser- 
vation, in Latitude 50° N. by D. R., what will be the error 
of Longitude by Chronometer, if the Latitude used in 
finding the apparent time at the ship is erroneous 10 miles? 

Ans. 23.3 minutes of Longitude. 

S. W. by S. is five points from W. In the Table op- 
posite five points Amplitude is the error for one mile, in 
Nautical miles - - - = 1.497 
Multiply by - . - - 10 
gives the error for ten miles = 14.97 in Nautical miles. 

dD 
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Enter Table I, (Bowditch,) with the Latitude in, 50°, as a 
course, at the bottom of the page; and over it, in the 
Latitude column, find 14.97; opposite to it, in the Distance 
column, is 23.3, the error of Longitude in minutes of 
Longitude. 

In the foregoing example, if the Latitude was errone- 
ous 10 miles to the north of the true Latitude; we have 
“the © bearing southerly in north Latitude ;’ and “the time 
of observation P. M.;” and the “Latitude used in finding 
the apparent time, “greater” than the true Latitude;” and 
the rule gives the Longitude too far west; the error by the 
Table was 23'3 minutes of Longitude; which must be 
subtracted if in west Longitude, from the Longitude by 
Chronometer, but added if in east Longitude. When such 
observations, however, are projected, these errors are evi- 


dent by znspection, and the bearing of the land found. 
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II. 


SOME REMARKS UPON THE ADVANTAGES OF THIS 
METHOD. 


There is no difficulty, by the common methods, in de- 
termining the position of places on the earth’s surface, 
when these places are situated on the land; for then suf- 
ficient time may be taken to select the moment of obser- 
vation; and every circumstance can be taken advantage 
of, which will conspire to produce a correct result. But 
when at sea on board a ship, which is constantly chang- 
ing her position, and frequently approaching with rapidity 
a dangerous coast, numerous circumstances often render 
the case one of considerable difficulty at an important 
moment. 

The common methods of finding the ship’s place are 
these: a meridian. observation of the sun for the Lati- 
tude ; an altitude of the sun, bearing as nearly as possi- 
ble E. or W. for the Longitude by Chronometer; lunar 
observations; double altitudes; dead reckoning; and oc- 
casional meridian altitudes of the fixed stars, planets, or 
moon. Of all these methods, the first two are those which 
are chiefly relied on, by a great majority of navigators in 
all cases; and if these observations could be had daily at 
the proper moment, the ship’s position would always be 
easily known, and no danger need ensue. 

But the proper moment cannot at all times be chosen 
to take these observations; for the first must be taken 
when the sun is on the meridian, unless the apparent time 
is exactly known; and the second when he bears &. or 
W., except the Latitude be previously accurately known; 
and the observations will be partially or entirely pre- 
vented, when thick weather prevails, or be liable to error, 
if the sun does not bear E. or W. at any time during 
the day. 
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For after the sun crosses the equator, throughout the 
whole hemisphere from which he is receding in declina- 
tion, he daily rises and sets, at points further removed 
from E. or W.; and since an altitude cannot be relied 
on, which is not greater than 6° or 7° at least, this cause 
increases the angle from the E. and W. points at which 
he is observable. So throughout a whole hemisphere, for 
nearly 7 months in the year, the sun 1s not observable in 
the proper E. or W. points; and it may be found, that, 
when the sun is 23° 28'S. of the equator, he will rise and 
set in Latitude 50° N., at an angle from E. and W. of 38° 
17°; or by compass SE. }? E. and SW. # W, true; and 
when only 7° above the horizon, he will bear SE. 3 S. 
nearly ; and thus the least error of Longitude by Chro- 
nometer, to which a ship is liable for an error of Lati- 
tude of 30 miles, is 1° 2'; whenever, then, the Latitude 

account is used to find the apparent time at the ship ; 
and the sun does not bear exactly L. or W., the Longitude, 
by a good Chronometer, will be always wrong, unless the 
Latitude by account is strictly accurate. The necessity 
of some method of finding the ship’s place, when the 
Latitude is uncertain, is then apparent. 

A meridian altitude shows the ship to be in some point 
of a small circle of the sphere, called a parallel of Lat- 
tude; (or else on the equator, which is a great circle ;) 
and that the dand, through which this small circle passes, 
bears £. or W. 

The observation for the Chronometer shows in a simi- 
Jar manner, (the Latitude being previously correctly ob- 
tained,) that the ship is LAewise situated on another circle 
of the sphere, called a meridian of Longitude; and that 
the Land, through which ths circle passes, bears NV. or 8. 

And at the intersection of these two circles, (allowing 
for change of station between the observations,) is the 
ship’s position on the earth’s surface. ~ 

But since the accuracy of the position depends upon 
the accuracy of the Latitude and apparent time, how, 
when these are uncertain, or even unknown, can the 
ship’s position be fixed upon either of these tvo circles, 
by either of these two methods, as they are usually direct- 
ed to be used, when only one altitude of the sun can be 
observed, and that when he bore neither E. nor W., nor on 
the meridian ? 
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No practical rules are laid down which inchide so im- 
portant a case ; the only resource is, to use the Latitude 
by dead reckoning. How very erroneous this may prove, 
is herein shown. 

But these are the cases to which the Method of Projec- 
tion is pecuharly adapted. For if it be possible, at any 
time of day when the sun is sufficiently high above the 
horizon, to observe at all, one altitude of the sun; by 
noting the Chronometer time, and observing roughly his 
bearing, we shall find the ship to be, not on a parallel of 
Latitude, it is true, running E. and W.; nor on a meridian 
of Longitude, ranning N. and S.; but on as actual and 
as simple a circle as either of these, namely, a parallel of 
equal altitude ; running diagonally to those circles, at an 
angle which depends on the bearing of the sun; which 
parallel, when projected on the chart, by the rules, will 
pass through the position of the ship, and show the bear- 
ing of the land, in its course as it lies projected on the 
chart, as truly as by a Meridian Observation, which can 
be observed but once in a day; and if two altitudes be 
projected, both the true Latitude, and Longitude by Chro- 
nometer, are evident by inspection. 

When approaching the land, (and this is the time 
when it 1s of the most importance to know the true posi- 
tion of the ship,) it unfortunately happens, that thick 
weather frequently prevails at considerable distances sea- 
ward, so that the sun is visible only for a few moments 
during a run of several days, and it is certainly impor- 
tant that a single observation at such times should be 
rendered available. 

There is no part of the seas, that is liable in a greater 
degree to fogs and thick weather, than the English Chan- 
nels, North Seas, &c.; and there is no part more crowded 
by the fleets of all nations; the coast, too, is dangerous ; 
and the Westerly gales are severe, and of long duration ; 
and ships are often placed in situations there, from un- 
certainty of their position, which render it dangerous “to 
run,” and often more dangerous to “lay by,” or to “stand 
off and on.” : 

Having sailed from Charleston, 8. C., 25th November, 
1837, bound to Greenock, a series of heavy gales from the 
Westward promised a quick passage; after passing the 
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Azores, the wind prevailed from the Southward, with 
thick weather ; after passing Longitude 21° W., no obser- 
vation was had until near the land; but soundings were 
had not far, as was supposed, from the edge of the Bank. 
The weather was now more boisterous, and very thick ; 
and the wind still Southerly ; arriving about midnight, 
17th December, within 40 miles, by dead reckoning, of 
~Tusker light; the wind hauled S. E., true, making the 
Irish coast a lee shore; the ship was then kept close to 
the wind, and several tacks made to-preserve her position 
as nearly as possible until daylight; when nothing being 
in sight, she was kept on E. N. E. under short sail, with 
heavy gales; at about 10 A. M. an altitude of the sun 
was observed, and the Chronometer time noted; but, 
having run so far without any observation, it was plain 
the Latitude by dead reckoning was liable to error, and 
could not be entirely relied’ on. 

Using, however, this Latitude, in finding the Longitude 
by Chronometer, it was found to put the ship 15' of Lon- 
gitude, E. from her position by dead reckoning; which in 
Latitude 52° N. is 9 nautical miles; this seemed to agree 
tolerably well with the dead reckoning; but feeling 
doubtful of the Latitude, the observation was tried with a 
Latitude 10' further N., finding this place the ship E. N. E. 
27 nautical miles, of the former position, it was tried again 
with a Latitude 20’ N. of the dead reckoning; this also 
placed the ship still further E. N. E., and still 27 nautical 
miles further ; these three positions were then seen to lie 
in the direction of Small’s ight. It then at once appeared, 
that the observed altitude must have happened at all the 
three points, and at Small’s hght, and at the ship, at the 
same instant of tume ; and it followed, that Small’s hght 
must bear E. N. E., if the Chronometer was right. Hav- 
ing been convinced of this truth, the ship was kept on her 
course, E. N. E., the wind being still 8. E., and in less 
than an hour, Small’s light was made bearing E. N. E. 3 E., 
and close aboard. 

The Latitude by dead reckoning, was erroneous 8 
miles; and if the Longitude by Chronometer had been 
found by this Latitude, the ship’s position would have 
been erroneous 313 minutes of Longitude, too far W., and 
8 miles too far S. The ship had, from current, tide, or 
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error of log, overrun her reckoning, 1 mile in 20. (See 
Plate IIL) 

Thus it is seen, that an observation taken at any hour 
of the day, and at any angle between the meridian and 
fi. or W. points, is rendered practically useful, inasmuch 
as the Chronometer can be depended on. 

A great proportion of the Chronometers now in use, are 
sufficiently accurate to determine the ship’s position; and 
particularly when they have been out of port only a 
month or two; the government of Great Britain have 
spent thousands to perfect them; but it should be recol- 
lected that the Greenwich time is only one of the quan- 
tities which must be correct, to find the Longitude; we 
must be sure that the teme at the ship is correct also; and 
it can scarcely be doubted, that errors of Latitude have 
caused the loss of as many ships, as errors of Chronom- 
eters ; while Chronometers have borne the blame not only 
of their own occasional imperfections, but also of these 
errors of Latitude, to which the navigator is subjected, 
from the prevalence of thick weather, gales of wind, and 
when a ship is under short sail, wearing, and tacking, and 
in tide-ways near the land; making leeway, and changing 
the rate of sailing with different cargoes on board. 

The proverb, that “a seaman always knows his Lati- 
tude,” had its origin in those days, when the Longitude 
was the great point to be determined; for before lunar 
observations were used, or Chronometers invented, the 
only observations which could be relied on, were those 
for finding the Latitude ; and thus the Latitude was com- 
paratwely certain ; but the Longitude was estimated by 
the log, and great errors Were common. 

But, at present, the case is almost completely reversed ; 
for with a good Chronometer, used with care, it is the 
Latitude which is the great desideratum ; if the Latitude 
is accurately known, a single altitude is sufficient to find 
the ship’s place; and if it be uncertain, the Method of 
Projection affords the most complete substitute for a meri- 
dian observation, the altitude being observed at any hour. 

By this method, if the Chronometer is wrong, and the 
Latitude uncertain, the bearing of the land would be erro- 
neous, by a quantity equal fo the whole error of Chro- 
nometer, when the sun is observed bearing E. or W.,; but 
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as the angle increases, from the E. and W. points, at which 

an observation is taken, the error in the bearing of the 
land, caused by the error of the Chronometer, constantly 
dymimishes ; and when the sun is on the meridian, van- 
ishes ; when the observation becomes a real meridian alts- 
tude, whence the true Latitude may be found as usual. 
But by the usual method no approximation to correctness 
can be made. 

The case when a second altitude is observed, is dedu- 
ced from the manner in which the first is projected ; and 
in an analogous manner, as a meridian observation, and 
one taken when the sun bears East or West, by the usual 
method, place the ship at the intersection of a circle of 
Longitude with a parallel of Latitude, allowing for change 
of station, so the intersection of the first projected parallel 
of equal altitude with the second, is the ship’s place. 

The extra work to project the second parallel is trifling, 
for it will be noticed that many of the logarithms are the 
same as in the first. 

The Advantages of the Method by Projection may be 
summed up as follows: 

1. When the Latitude, &c., are uncertain, one altitude 
of the sun, at any hour, with the Chronometer time, is 
available in a similar manner as a meridian observation, 
which can be taken only once in a day. 

2. The errors of Longitude by Chronometer, conse- 
quent to any error in the Latitude, are shown by-inspec- 
tion. | 

3. The sun’s azimuth is found at the same operation. 

4. In addition to these results, found by one altitude, 
two similar altitudes give the true Latitude, and also the 
Longitude by Chronometer. By the common methods 
of double altitudes, the Longitude must be found by a 
subsequent calculation; which circumstance renders this 
method much the shortest. 

5. The usual simple calculation for finding the appa- 
rent time at the ship, is known and daily practiced by 
every shipmaster who uses a Chronometer. No other 
formula is used. | 

6. Double altitudes of the sun are therefore within the 
reach of all persons who use Chronometers, and who are 
ee with the various formulas laid down in the 

ooks. . 


od 
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EXPLANATION OF THE PRINCIPLES UPON WHICH THIS 
METHOD DEPENDS. 


To facilitate the understanding of the theory of this 
method, a reference to the following common definitions 
relative to spherical bodies may be necessary. 

A sphere is a uniformly round ‘body, every point on the 
surface of which is equally distant from a certain point 
within the body, called the centre. 

If any plane or flat surface pass through the sphere, the 
intersection of the surface of the sphere by the plane is the 
circumference of a circle. 

A great circle of a sphere is one whose plane passes 
through the centre of the sphere, and so divides the 
sphere into two equal parts, called hemispheres. 

A small circle of a sphere is one whose plane does not 
pass through the centre of the sphere, and consequently 
divides the sphere into two unequal parts. 

The pole of any circle of a sphere is a point on the sur- 
face of the sphere from which every point in the circum- 
_ ference of the circle is equally distant; thus every circle 

of the sphere has two poles, and the straight line joming 
them is the diameter of the sphere. 


One half* of the spherical surface of the earth being 
illuminated by the sun at a given instant, while at the 
same time the opposite portion is in the shade, that line, 
which is the boundary between the illuminated and dark 
hemispheres, is called by geographers “THE CIRCLE OF 
ILLUMINATION.” 


* The corrections being made by the usual tables, for Parallax, Semidiameter, Re- 
sae and the Spheroidal Figure of the Earth —and if the eye be elevated, for Dip 
algo. 
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It is a great circle, and its plane passes through the centre 
of the earth, dividing it into two equal parts; in the same 
manner as the equator is a great circle of the earth, and 
divides it into the Northern and Southern hemispheres. 

But these are also divided by small circles of the sphere, 
parallel to the equator, which are called “parallels of 
Latitude ;” and by their means the Latitude is reckoned, 
all places situated on the equator having their Latitude 
equal to 0°; and proceeding towards the poles, the Lati- 
tude of places on these small circles increases regularly, 
until, arriving at them, it becomes equal to 90°. 

In like manner, all those places which are situated on 
the circle of illumination, since they have the sun’s cen- 
tre in the horizon, have his altitude equal to 0°, and that 
point on the surface of the earth, next towards the sun, 
and which is the pole of the circle of illumination, has 
the sun in the zenith; consequently, at that point his alti- 
tude is equal to 90°. The intermediate altitudes of the 
_ sun may likewise be reckoned on small circles, parallel to 
the circle of illumination ; and which may be called rar- 
ALLELS OF EQUAL ALTITUDE; since they serve the purpose 
of showing all those places on the earth’s surface, which 
have an equal altitude of the sun, at the same instant of 
time ; the pole, at which the sun is in the zenith, may be 
called the roLe oF 1LLUMINaTIoN, and the whole system of 
circles, THE SYSTEM OF CIRCLES OF ILLUMINATION. 

Thus it appears, that, as all those places on a given small 
circle of the earth, called a parallel of Latitude, have the 
same Latitude, and that degree and minute which is the 
name of that parallel; so, all those places, on a given small 
circle, called a parallel of equal altitude, have the same 
ALTITUDE of the sun, and the same degree and minute 
which is the name of this parallel. 


Since the poles of the equator, and of the parallels of 
Latitude, coincide with the extremities of the earth’s azvs, 
the system of circles of Latitude is not affected by the 
daily rotation of the earth; but always remains constant; 
indeed, it has been constructed with particular reference 
to this object. 

_ Such, however, is not the case with the system of 
circles of illumination ; because, the poles of this system 
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do not coincide with the extremities of the earth’s azis ; 
for the sun being always vertical to one of its poles, this 
follows the sun (at the rate of 15° per hour) in his appa- 
rent daily course from East to West, and also in the eclip- _ 
tic, through all the degrees of the sun’s declination. 

But if at any instant, we can project upon the earth’s 
surface the position of this moving system, or any paralle!} 
of equal altitude belonging to it, which may correspond 
to an observed altitude of the sun, we shall have as sure 
a method of determining the position of places on the 
earth’s surface, as by means of the system of parallels of 
Latitude. 

But it may be well to consider in what manner the 
system of circles of illumination intersects the different 
parallels of Latitude, and the meridians of Longitude. 

Because the sun is always vertical to the pole of illu- 
mination, and the parallels of Latitude on the earth’s 
surface are concentric with parallels of declination on the 
celestial sphere, the Latitude of this pole 1s always equal to 
the Sun’s dechnation. 

If, then, about a point (as Z, Plate L) in any Longitude, 
but in that parallel of Latitude which is equal to the 
sun’s declination as a centre, we describe small circles of 
a sphere at every 10° distant, after the manner of parallels 
of Latitude, and this may be seen to advantage on a 
terrestrial globe, we shall observe, that the parallels of 
equal altitude, which we are describing, cut the parallels 
of Latitude and meridians of Longitude at all possible 
angles; in the N. W., N. E.,, S. W., and 8. E., directions 
from the pole of illumination, Z, they will cut them diag- 
onally; in the North, South, East, and West points from 
this pole, they will touch them as tangents; and at inter- 
mediate bearings will make intermediate angles with 
them. 

Each parallel of equal altitude, it will be observed, is 
described round the pole of illumination, as a centre, at a 
distance, measured on the arc of a great circle passing 
through this pole, which is equal to the complement of the 
sun’s altitude corresponding to each parallel respectively. 

Hence, with a given altitude of the sun, the correspond- 
ing parallel of equal altitude cuts only certain parallels of 
Latitude, not North of a particular Latitude in the North- 
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ern, nor South of a particular Latitude in the Southern 
hemisphere. The distance, then, of the North and South 
points, in any parallel of equal altitude from the pole of 
Ulumination, is equal in degrees and minutes to the com- 
plement of the sun’s altitude; but these points being on 
the same meridian as the pole of illumination, this dis- 
tance is also equal to the difference of Latitude between 
the pole and either point; and because they are on the 
. Same meridian as this pole, the apparent time at these 
points will be noon, for it is always noon at the meridian 
of the point which has the sun in the zenith. 

Now the difference of Longitude, between any two pla- 
ces on the earth’s surface, is expressed by the difference 
of the apparent times at those places, turned into degrees, 
15° to the hour. 

The differerice of Longitude of any pount in a parallel of 
equal altitude, corresponding to any observed altitude of 
the sun, from the menidian of its pole of illumination, 
will then be expressed by the difference of the apparent 
times at those places; that is, by the difference between 
0" 0" 0', and the apparent time from noon at the point, in 
the parallel of equal altitude, which may be given. And 
the difference of Longitude between any two points given 
will be expressed in a similar manner. 

But if the altitude, and declination of the sun be given, 
the apparent time will vary only with the different Late- 
tudes which may be used in the calculation. 

If, then, we assume any Latitude, not North of the North 
point, nor South of the South point of the parallel of equal 
altitude corresponding to an observed altitude of the sun, 
the declination being known also; and thence find the 
apparent time from noon, (by Method 3, Bowditch,) the 
difference between such time, and 0°, 0", 0°, turned into 
Longitude, (15° per hour,) will be the difference of Longi- 
tude of the point in the parallel, from the meridian of the 
pole of illumination, and tts Latitude 1s had by the assump- 
tion: thus the position of such point is found relatively to 
the pole of illumination, which is situated in a certain 
given Latitude. 

In the same way, by assuming two Latitudes, with the 
same restrictions, the difference of their apparent times 
will express the difference of Longitude of the two points 
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having the two assumed Latitudes; and their positions 
relatwely to the pole will be expressed by their times from 
noon, turned into difference of Longitude. 


Each point, thus found, has two positions in its parallel 
of equal altitude, in the assumed Latitude of each respec- 
tively; namely, one on each side of the meridian of the 
pole, and at equal differences of Longitude from it; and 
they correspond to A. M. and P. M. times of observation ; 
and to distinguish on which side of the meridian of the 
pole of illumination the point lies with which we have to 
do, we should notice in practice the bearing of the sun. 
The required point being Westward from the pole, if an 
observation be A. M.; and Eastward, if P. M. 

By assuming as many Latitudes as we please, we may 
thus project as many points as are necessary; and by 
joining all the points determined by a curve line, the 
whole parallel of equal altitude corresponding to any 
observed altitude of the sun, will be projected, in Lati- 
tude, relatively to the pole of illumination. 

From the foregoing considerations the rule for solving 
the following Problem is deduced. 


PROBLEM L 


The correct altitude of the sun’s centre being observed, 
and his declination being given, it is required to project, 
on Mercator’s chart, the corresponding parallel of equal 
altitude relatively to its pole of illumination, showing 
what parallels of Latitude it cuts, and in what manner 
it cuts both them and the meridians of Longitude. 

Note.— Owing to the distorted shape of the earth’s sur- 
face by Mercator’s chart, the curves will not appear as 
circles, as they would be if projected on the earth, or ona 
terrestrial globe. 
| RULE. 


1st. Find the complement of the sun’s altitude; which 
gives the difference of Latitude between the pole of illu- 
mination and the North and South points of the parallel 
of equal altitude. 
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2d. Project then on the chart (Plate I,) ina Latitude’ 


equal to the sun’s declination, the pole of illumination, 
the point Z,in any assumed Longitude, as 0°; and on 
the meridian of Z, in their respective Latitudes just found, 
project the North and South points N. and 8.; at which 
the apparent time is noon, or 0" 0™ 0°. 

3d. Assume a Latitude, as that of any point, A, B, or C, 
&c., not North of N., nor South of 8.; and with the given 
altitude and declination, find the apparent time from noon 
(Method 3, B.) which, turned into Longitude, 15° per hour, 
will be the difference of Longitude between Z, and A, B, 
or C, &c., and its Latitude is had by assumption. 

4th. Inthe Latitude assumed, (if that of A,) on each 
side of the meridian of Z, project the points A, A, with the 
difference of Longitude found above; then A and A’ will 
be two points in the parallel required ; in the same man- 
ner find as many points as are necessary. 

5th. By joining all the adjacent points with a curve 
line, the whole parallel, and the Latitudes it cuts, &c., are 
evident by inspection. 

Note.—In this problem the difference of Longitude of 
the points have been reckoned from the meridian of Z; 
but the curve could be also projected, by taking the 
meridian of any point, as A, for a starting-point, and 
thence might be reckoned the points B, C, &c., and 
finally the meridian of Z, and then Z be projected. 


EXxamMPLe lI. 


The sun’s central altitude is 60°; the declination 10° N., 
it is required to project the parallel of equal altitude, &c. 

ist. To find the complement of the sun’s altitude, and 
the Latitude of the N. and 8. points. 


From 90° 
sub. 60 
remains 30°= complement of the sun’s Altitude. 
To 30 comp. o Alt. 
add 10° Dec. 
sum 40°= Lat. of N. 
diff. 20°= Lat. of S. 


2d. Project (Plate I) the points Z, N, and §, in their 
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proper Latitudes, and in any one assumed Longitude, 
as 0°. 

3d. To find and project any point; as one in Latitude 
30° N., which call A. 


Lat. 30 OON. - - - - sec. 0.06247 
Dec. 10 00 S. . -- sec. 0.00665 


Diff. 20 00 Nat. cos. 93969 
o Alt. 60 00 Nat. sin. 86603 


H. M. 8. Diff. 7366 log. 3.86723 


1 35 57.05 = log rising = 3.93635 

1 35 57.05 = 23° 59’ 15".75, or the difference of Lon- 
gitude of Ain Latitude 30 N., from the meridian of Z, 
where it is noon. 


4th. On each side of NZS with this difference of Lon- 
situde project two points, A and A’, in Latitude 30° North; 
which will be two points in the curve required; the 
altitude 1s observed at A, when the time is P. M.,, and 
at A’, when A. M. 

Find other points B, B, C, C'’, &c. 

5th. Join all the points, and the requisitions of the 
Problem are evident by inspection. 

In the same manner are projected the parallels of equal 
altitude, corresponding to sun’s altitude, 0°, 10°, 20°, 30°, 
&c., when the sun’s declination is 10° N. 


After any lapse of time, the sun, and, consequently, the 
pole of illumination, to which the sun is always verti- 
cal, will have passed, at the rate of 15° per hour, due 
West; (no change of declination having taken place ;) and 
will have arrived after such time at some point, as Z’, 
(Plate 1) whose difference of Longitude from Z will be 
equal to the elapsed time turned into Longitude, 15° for 
an hour; because the angular space passed over is equal 
to the product of the time by the angular velocity. 

But if; at the expiration of such time, a second altitude 
be observed, and its corresponding parallel of equal alti- 
tude be projected as before, it will have for its pole Z'; and 
it must intersect the first projected parallel in two points, 
one to the Northward and one to the Southward of the 
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poles Z and Z'; and one of these two intersected points 
must be the position of the observer; because both alti- 
tudes are observed at one station; and if a point is situated | 
at the same time in two circles, it can only be at one of 
the two intersected points; which one of the intersections 
is the observer's place, obviously depends on the bearing 
of the sun at the times of observation; and the two curves 
being projected on the chart, the intersection will be situ- 
ated in a Latitude which is evident by inspection. 


The difference of Latitude between the two poles of 
illumination, Z and Z’, is equal to the difference in the 
sun’s declination, which may have taken place during the 
elapsed time. ‘This change of declination must not be 
neglected, but each pole projected in that Latitude which 
is equal to the sun’s declination at each observation 
respectively. 

Two altitudes of the sun may be observed, either both 
A. M., or both P. M.; or one A. M., and the other P. M; 
for as the system of circles of illumination passes west- 
ward, the western arcs of the parallels of equal altitude, 
which are interior to the first projected parallel, cut its 
western arc in two points, and poles being to the eastward 
of the intersections, the time at which the altitudes are 
observed at either intersected point, will be A. M: 

So also, the eastern arcs of the ezterior parallels, cut the 
eastern arc of the first projected parallel, in two points; 
but the poles now being to the westward of the intersec- 
tions, the time will be P. M. 

And after a greater time has elapsed, eastern arcs of both 
exterior and interior parallels will cut the western arc of 
the first projected parallel, and the intersected points lie 
between the Longitudes of the two poles, and show that 
the time at which the first altitude was observed, is A. 
M., since its pole is eastward ; and the time of the other 
is P. M., since its pole 1s westward of the two intersected 
points. 


We shall now be able, using the rules of Problem I, to 
project the parallels of equal altitude, corresponding to 
two observed altitudes of the sun; the elapsed time giv- 
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. ing the distance between their respective poles of illumi- 
nation; and intersection which takes place, and which is 
designated by the bearing of the sun, giving the true Lati- 
tude of the place of observation. 


From these considerations are deduced this Problem 
and Rule. 


PROBLEM IL 

Having noted the elapsed time between two observed 
altitudes of the sun’s centre, the declination at each time, 
and the sun’s bearing being given, required to project on 
Mercator’s chart the two corresponding parallels, showing 
how they cut the parallels of Latitude and meridians of 
Longitude, within their respective limits of Latitude, how 
they intersect each other, and the true Latitude of the pla- 
ces of observation. | 


RULE. 


1st. By Problem I, project the parallel corresponding to 
the first altitude. 

2d. ‘Turn the elapsed time into difference of Longitude, 
15° for an hour. 

3d. With which difference of Longitude, project, west- 
ward always from Z, the point Z’, in a Latitude equal to 
the sun’s declination at the time of the second observa- 
tion ; and Z' will be the pole of ilumination of the parallel 
corresponding to the second observed altitude. 

4th. Proceed, as in Problem I, to project the parallel 
corresponding to the second altitude relatively to Z’. | 

5th. Upon inspection, the curves will be seen to inter- 
sect, as at A and a. (Plate I) 

6th. The true Latitude is at one of the intersected 
points; which it is depending on the bearing of the sun. 

The other requisitions are evident by inspection. 


ExampPue II. 


The two altitudes are 60° and 40°; the declination 
10° N.; supposed invariable between the observations; 
7 


aQ 

the elapsed time is 1* 41™ 18* 89; the sun bearing 
between S. and W., it 1s required to project, &c. 

ist. The first altitude is the same as in Example | 
and is already projected. 

2d. The elapsed time, 1" 41™ 18" 89, is equal to 25° 19 
43".4, (15° for an hour.) 

3d. In Latitude 10° N. project Z’, 25° 19’ 43°.4 west 
from Z. (Plate I) 

4th. Project N' and S' as in Prob. I; and to find any 
point, as one in Lat. 30° N., which call X, proceed as 
under. 


Lat. 30° N. - - - sec. 0.06247 
Dec. 10 N. - - - sec. 0.00665 
Diff 20 Nat. cos. 93969 
© Alt. 40 Nat. sin. 64279 
uous. Diff - 29690 log, 4.47261 
3.17 15.94 = logrising, = 4.54173 
3.17 15.94 = 49° 18' 59".1 or Difference 


Longitude of X in Latitude 30° N. from the meridian 
N' Z' S, where it was noon at time of 2d observation. 


On each side of N' Z' S' with this difference of Longi- 
tude, project two points, X and X’,in Latitude 30 N.; 
which are two points in the curve required. 

Find the other points Y, Y', &c., in the same way. Join 
all the points, and the whole curve will be projected. 

5th. It is now evident, how the curves intersect each 
other, as at A and a. 

6th. The sun having been west of the place of observa- 
tion for both altitudes, shows that both were taken P. M. ; 
and having borne southerly, also, the northern intersec- 
tion, A, is at the true Latitude of the place; and it will be 
found to be on the chart in 30° N. 


Thus far we have determined the positions of the pro- 
jected parallels, relatwely to their poles, and the distance 
of these from each other; and the whole only in relation 
to the Latitude of the place of observation ; consequently, 
it is only the bearing of the land in that Latitude which 
has become known. 
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To determine their actual position, in Longitude, also, 
on the earth’s surface, and project them at any instant, 
we must have means to arrest, in their passage, both sys- 
tems of circles of illumination, while moving from east to 
west. 

If the Longitude of the place of observation be known, 
or if the time be noted by Chronometer which shows true 
mean time at a known meridian; and the altitudes cal- 
culated by assumed Latitudes as before, to find the ap- 
parent time, the difference between the apparent times 
and the Chronometer time, will give the Longitude of 
each point, and the actual position of each curve is fixed 
in both Latitude and Longitude. 

By such means, having a single altitude of the sun 
and Chronometer time, we may find a ship at sea to be 
on some point of a small circle, which has for its pole, the 
pole of illumination, in like manner, as a meridian alti- 
tude of the sun fixes the position of the ship in some 
point of a small circle, called a parallel of Latitude, and 
which has for its pole, the pole of the equator. 

Hence, the bearing of any land, through which the 
curve passes, is seen by inspection, as we may observe 
the bearing of the land, through which the parallel of 
Latitude passes. 

Hence, we can solve the following problem. 


PROBLEM IIL 


The true altitude of the sun being observed at any 
place, his declination and bearing, and the true mean 
time at Greenwich, by Chronometer, being given; it is 
required to project the corresponding parallel of equal 
altitude, showing what meridians of Longitude it cuts, 
east or west of Greenwich, and what parallels of Lati- 
tude ; and in what directions; consequently, what land 
it passes through, and how such land bears from any 
point in the curve. 


RULE. 


Proceed, as in Problem I, to project the curve; only 
taking notice, that when “the apparent tume” is found for 
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any point, the difference between it and the Chronometer 
time, (corrected for equation of time and rate,) gives the 
Longitude of such point, Kast or West of Greenwich— 
while its difference of Longitude, from the meridian of 
tts pole of Iumination will still be expressed by the “ap- 
parent tume from noon,” asin Problem I.) Thus, are all 
the points projected in Latitude and Longitude, and the 
requisitions of the Problem are obvious on inspection. 


Exampce III. 


Sun’s altitude 60°; declination 10° N.; corrected time 
at Greenwich, by Chronometer, 0° 0™ 0°, sun bearing 
southwesterly. It is required to project the curve passing 
through the position of the observer, showing how the 
land bears from any point in the curve. 

ist. This example is the same as Example I, except 
the Chronometer time. It will be necessary, then, only to 
see how this time affects the position of the curve; (by 
Example I, the curve was projected in any assumed Long- 


itude.) 
We have Greenwich time corrected, H. M. 8. 
for rate and equation, - - - 000 M. 


The apparent time, Example I, in 
assumed Latitude 30°, at a point A, 
(Plate I,) sun bearing South west- 
erly, was” - - - - 

Difference, . . - 135 57 


1 35 57 05 P.M. 


The apparent time is greater than the Greenwich 
time, showing that the point A, in Latitude 30° N., is 
1" 35™ 57°, or 23° 59'15".75 East of Greenwich. Pro- 
ject A, then, in such Longitude and Latitude, and its act- 
ual position is determined. 

In the same manner are all the other points projected, 
and the curve drawn. 

The other requisitions of the example will appear if we 
refer all the points A A’, B B, &c., to a Chart, on which 
the land is designated; thus A is situated on the North 
coast of Africa, in the same meridian as part of Greece ; 
B, near the South of Sicily; and the curve passes like- 
wise near the South of Sardinia; over Majorca, through 
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Spain, near Madrid; through Portugal, near Lisbon; not 
far from Maderia; thence to within 6° West of Cape 
Verde Islands; thence 10° East of Cape St. Roque, S. A.; 
thence 34°South of St. Helena; and thence reaches the 
continent of Africa again, in Latitude 18° S., near Cape 
Negro; thence over the interior of Africa, towards Egypt 
to the point A again; all these places having the same 
altitude of the sun at the same instant; the place of the 
observer, being of course in the curve, having oBSERVED 
the same Altitude at the same time. 

Thus, the land, through which the curve passes is evi- 
dent, by inspection; and also its bearing from any point in 
the curve; and thus, by projecting the curve for any ob- 
served altitude, we have as sure a method of determining 
the position of places, as by means of parallels of Latitude 
. and a meridian observation. 

From the foregoing three Problems, the following one is 
directly deduced. 


PROBLEM IV. 


Having two altitudes of the sun, the declinations at 
both observations, and his bearings, and the Greenwich 
times by Chronometer; to project the corresponding par- 
allels of equal altitude, showing what meridians of Longi- 
tude and parallels of Latitude it cuts, and in what man- 

er; what land they pass through; how it bears from 
any point in either curve; and the true Latitude and 
Longitude of the place of observation. 


RULE. 


1st. Project both parallels asin Example II, applying 
the Greenwich time, as in Example III. 

2d. The requisitions of the Problem will be evident Oy 
inspection. 


Norte. 


The “Elapsed Time” does not appear, as such, in this 
Problem; for it enters into the Longitudes of the points of 
the second parallel, placing them alway sso much further 

West, as greater time elapses between the observations. 
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 Exampre LV. 


Sun’s central altitude was 60°; when Chronometer time 
corrected for equation was 0" 0™ 0°; and 40° when Chro- 
nometer time corrected, was 1" 41™ 18°89; declination 
10° N.; invariable between the observations; sun’s bear- 
ings Southwesterly, required to project, &c. 

This example is the same as Example II, except Chro- 
nometer time; project the curves as directed, fa I) 
applying the Chronometer time, asin Example III. 

This being done, the requisitions are manifest; the Lati- 
tude sought, being 30° N., and the Longitude 23° 59' 15".75 
East; since if; from the apparent time at A, or X, (which 
two points coincide, at the time of the second observa- 
tion,) namely : 


H. M. 8. 
3.17 15.94 P. M (sun bearing Southwesterly.) 
Subtract, 1 41 18.89 P. M. the corrected Chro. time. 


The diff. is 1 35 57.05 = 23° 59' 15".75 East Longitude, 
since the Chronometer time 1s least. 


The Problem of Double Altitudes, admits, on these prin- 
ciples, another simple solution, as follows. 


PROBLEM V. 


Two correct central altitudes of the sun, his declina- 
tions, and bearings, at each observation, and the elapsed 
time being given; required, to project, on a terrestrial 
globe, the Latitude of the place of observation. 


RULE. 


ist. Tum the elapsed time into degrees, 15° to an 
hour. 

2d. In the Latitude equal to the sun’s declination, at 
each observation, project the two poles of illumination in 
two points, distant a difference of Longitude found above. 

3d. On the Eastern pole, (or that corresponding to the 
Jirst altitude,) as a centre, and with a distance measured 
on a great circle, equal in degrees and minutes to the 


05 


complement of the first altitude, describe, with a pair of 
dividers, an arc in that direction from the pole indicated 
by the bearing of the sun, at first observation. 

4th. On the Western pole, as a centre, with a dis- 
tance equal to complement of the second altitude, de- 
scribe an arc cutting the former arc. 

5th. The intersection will be in the Latitude of the 
place of observation, if both altitudes be observed at one 
station. | 


i. 


In the foregoing Problems, it has been supposed, that 
both altitudes were taken at one station; but it is neces- 
sary to show how to allow for any change of station be- 
tween the observations. 

The curve Z M, Plate I], is an arc of a great circle, 
passing through Z, the pole of wdlumination, where the 
sun’s altitude is 90°; and through M, a point in the. carcle 
of illumination, where the sun’s altitude is 0°; it is of 
course perpendicular to all the parallels of equal altitude. 

It is plain, then, that for every mile a ship sails on the 
great circle M Z towards Z, that is, at right angles to the 
parallels, she increases the sun’s altitude one minute ; and 
every mile sailed from Z, decreases his altitude one minute. 

And if she sails at right angles to M Z, that, is on a par- 
allel of equal altitude, she would newther increase nor 
dimumsh it for short intervals of time. 

So, in sailing at greater or less angle than 8 points from 
a parallel of equal altitude, we should increase or dimin- 
ish the altitude in a proportional manner; and in so sail- 
ing should make a “difference” of altitude, in a similar 
manner as, in sailing froma parallel of Latitude, we make 
a “difference” of Latitude, proportional to the course and 
distance sailed. 

In sailing from the point, then, which was the ship’s 
place in the parallel of equal altitude corresponding to 
the first altitude, we shall arrive at a point in another 
parallel which belongs to the same system of circles of 
tlumination, with the first projected parallel, on a certain 
course and distance; and this new parallel will corres- 
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pond to an altitude which would have been observed at 
the instant of the first observation, had the ship been at 
this new point at the same time; but this new point zs 
that at which the second altitude is taken, after the time 
elapsed as noted by the watch. 

The “difference” of altitude made good, then, propor- 
tional to the course and distance sailed from the first pro- 
jected parallel, will be the correction of the first altitude 
for change of station, additive or subtractive, as explained 
before. This “difference” of altitude will be measured 
on the arc of a great circle, passing through Z, (perpen- 
dicular to the parallels of equal altitude,) and this new 
point to which the ship may have sailed; and the arc, 
which is intercepted between this point and the first pro- 
jected parallel, will be the correction in miles. We have, 
then, the following rule. 

Set off, from the first projected parallel, the distance 
sailed in the direction of the course made good between 
the observations. Through this point project a curve line 
parallel to the first projected parallel, and the intersection — 
of this curve line with the second projected parallel, will 
be the true Latitude corrected for change of station. 


Since M Z, is an arc of a great circle passing through 
Z and M, perpendicular to all the parallels; and the sun’s 
centre, and Z and M, are all in one plane, and the sun is 
perpendicular to Z, therefore the arc Z M, lies wholly in 
this plane, and the direction of the sun, from any point in 
Z M, is projected in the direction M Z, on the chart; but 
the angle at any point on the earth’s surface, which the 
bearing of the sun projected, makes with the meridian 
projected at that point, isthe sun’s true azimuth. Thus, at 
M, the sun bears in the direction M n, or about E b N3 N.; 
and the angle which M n makes with the Meridian pass- 
ing through M, is the sun’s true azimuth at M; now Mn 
is perpendicular to the circle of illumination, and n o is 
perpendicular to the parallel of equal altitude for 10°, and 
so of the other portions of M Z; so,in order to project the 
sun’s azimuth, at the time of observation of his altitude, 
at any point in the corresponding parallel of equal alti- 
tude, we have this rule; 
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Draw a tangent, or chord parallel to the tangent, to the 
given point, erect a perpendicular to the tangent or chord 
at the point given; and the perpendicular will be in the 
direction of the sun at that point, and the angle it makes 
with the meridian, passing through this point, is the sun’s 
true azimuth. 

rrr. 

From the manner in which the parallels of equal alti- 
tude cut the meridians of Longitude and parallels of Lati- 
tude, may be seen how, with a given altitude of the sun, 
and the Chronometer time, different Latitudes, used in 
finding the apparent time, give different Longitudes by 
Chronometer. 

For if the sun be observed A. M., in North Latitude, 
when he bears Southerly, then Latitudes at greater distan- 
ces from Z, (Plate I,) give smaller differences of apparent 
time from noon, and, therefore, a /ess difference of Lon- 
gitude, if in West Longitude, and a greater difference of 
Longitude, ifin East Longitude, and analogous differences 
under other circumstances. 

It may be seen, too, that, when the sun bears Kast or 
West, a considerable difference in the Latitudes used in 
finding the apparent time at the ship, will occasion but 
a trifling error in the Longitude by Chronometer. 

Hence, it is not only because the sun is “rising or falhng 
faster,” when bearing East or West, that this is the best 
time to take Chronometer sights for the Longitude; but 
because, also, at such times, an erroneous Latitude will not 
much affect the result. 

So, also, when the sun bears North or South, it is easy 
to find the Latitude by meridian observation; but the Long- 
itude by Chronometer is subject to great errors, owing to 
the difficulty of finding the apparent time at the ship, 
and not only because the sun is “rising or falling” slower, 
but also because a slight error of Latitude gives a very 
sreat error of Longitude by Chronometer. 

_ The errors of Longitude by Chronometer, then, conse- 
quent to an erroneous Latitude used in finding the appa- 
rent time at the ship, zwncrease regularly, from the time 
the sun bears Hast, until he reaches the meridian, when 
the error is a maximum; and thence diminish until he 
bears West, when they vanish. 

8 
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By reference to Plate I, and from these remarks, it will 
be found, that the error of Longitude any error of Latt- 
tude produces, at the instant of observing an altitude of 
the sun, is equal to the difference of Longitude between any 
two points in the projected parallel, whose difference of Lati- 
tude 1s the error of Latitude. 

Thus, in the winter season, when the sun does not rise 
or set either East or West, and is not observable, frequently, 
until he bears 8. E., or more Southerly, it is of the utmost 
importance to estimate such errors. 


Iv. 


In practice it is not necessary to project the whole 
curves, but only such arcs as will include the intersected 
points required. Two points in each arc are sufficient, 
that part of the curve which is required being indicated 
by the bearing of the sun. 

It will be found convenient, in finding the apparent 
times, for these two points, to assume two Latitudes to 
be used in the calculation, one on each side of the Lat- 
itude by D. R.; one being the next degree less and the 
other the next degree greater than such Latitude, and 
without any odd minutes; the position of the four 
points, and their arcs, being projected, will, in general, be 
found to znclude the intersected point, or be very near to 
it; for if we join the points by straight lines, they will 
either intersect each other, or converge towards a point 
beyond the limits of the assumed Latitudes; in this case 
we have only to produce the lines to an intersection. 

These two straight lines, although they do not lie strictly 
in the curves, but may be regarded as chords of their 
respective arcs, will not sensibly differ from the arcs them- 
selves, or even from their tangents, at points near the in- 
tersection; particularly as the parallels most frequently 
used, have a large Radius. | 

Should, however, the altitudes be great, in which case, 
the curves have a smaller Radius, we can choose such 
Latitudes as shall be nearer the intersected points, and thus 
reduce the error, on this account, as much ‘as we please. 
Also, if the altitude be observed when near noon, the 
assumed Latitudes should not be chosen too great, or 
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otherwise, as mentioned in the note to Rule 1, Practical 
Part; and they should be such as are much nearer to the 
supposed Latitude. 


Hence, the following Practical Problem is deduced, 
when the times are noted by a common watch. 


PROBLEM VI. 


Two correct central altitudes of the sun being given, 
and also the elapsed time, the declinations and bearings 
of the sun at both observations, the course and distance 
made good between the observations, and the Latitude by 
dead reckoning ; it is required to project on a “ particular” 
Mercator’s chart, those arcs of the corresponding parallels 
of equal altitude, which are mutually intersected; show- 
ing, ist. The true Latitude. 2d. The correction for 
change of station. 3d. The sun’s true azimuth at each 
observation. 4th. The errors of Longitude consequent to 
any error of Latitude, when the times are noted by the 
Chronometer. 


RULE. 


ist. Turn the elapsed time into degrees, (15° to an 
hour,) which will be the difference of Longitude between 
the two poles of illumination, Z and Z’.; the Kastern pole, 
or that which corresponds to the /irst altitude, being call- — 
ed Z, and the Western pole, which corresponds to the 
second altitude, Z’. 

2d. Assume two Latitudes, one of which is the next 
degree less, (without any odd minutes,) and the other the 
next degree greater than the Latitude by account. 

3d. With the first altitude and declination find (method 
3, B,) the apparent time from noon with each of the two 
assumed Latitudes; turn these resulting times into differ- 
ences of Longitude, 15° to an hour; and, if the altitude 
was observed A. M., they will show the differences of 
Longitude of two points in the required arc, West of the 
meridian of Z.; but if the altitude was P. M.,, East of the 
meridian of Z. ; - these two points having the assumed Lat- 
itudes respectively ; name that point which has the least 
assumed Latitude, A, and the other, A’. , 
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Do the same with the second altitude; and name that 
point which has the /east assumed Latitude, B; and the © 
other B.. The difference of Longitude of B and B, will 
be reckoned from Z’, and not from Z. 

4th. Project on the Chart, Plate II, the four points 
A, A’; B, B, in their respective Latitudes; and distant 
their respective differences of Longitude, from the meri- 
dians of their respective poles Z and Z'; (which poles 
are distant from each other a difference of Longitude 
equal to the elapsed time turned into degrees ;) and the 
points must be projected on that side of these meridians, 
designated by A. M. and P. M. times of observation. 


EXPLANATORY Nore. 


Project A in its respective Latitude, and in any assumed 
Longitude ; if A. M., mark it “A, West of Z;” (so many 
degrees as have been found from the corresponding appar- 
ent time from noon;) but if P. M., mark it “A, East of Z,” 
(so many degrees.) 

Project A’ in its respective Latitude, but with a differ- 
ence of Longitude from A, (Kast or West,) equal to the 
difference between the Longitudes of A from Z, and A’ 
from Z; and mark it “A’ (East if P. M., or West if A. M,) 
of Z,” (so many degrees and minutes, as the case may 
be. 

hii to project B, B', with reference to A, A’, we must 
first find the difference of Longitude of A from Z'; be- 
cause their difference of Longitude are not reckoned from 
Z, but from Z'; this is done by means of the elapsed 
time, or the difference of Longitude between Z and Z, 
thus : 

I. If both observations be A. M., then difference of 
Longitude of A, West of Z’ — difference of Longitude of 
A, West of Z — difference of Longitude of Z', West of Z. 

II. If both observations be P. M., then difference of 
Longitude of A, East of Z' = difference of Longitude of 
A, East of Z + difference of Longitude of Z, East of Z’. 

Itt. If one observation be A. M., the other P. M., then 
difference of Longitude of A, East of Z' = difference of 
Longitude Z', West of Z — difference of Longitude of 
A, West of Z. 
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Project B in its respective Latitude, with a difference of 
Longitude from A, (East or West,) equal to the difference 
between the Longitude of A from Z’, (found by one of 
these three rules,) and B from Z;, (found by method 3 B,) 
mark it “B (East or West) of Z’, (so many degrees.”) 

Project B' in its respective Latitude, with a difference 
of Longitude from A, (Kast or West,) equal to the differ- 
ence between the Longitudes of A ffom Z' and B' from 
Z'; and mark it “ B' (Kast or West) of Z' (so many de- 


grees.) 


5th. Join by straght lines A and A’, B and B'; and if 
they do not intersect each other, produce them to an inter- 
section ; and if the ship has not changed her station be- 
tween the observation, this intersection will be in the 
true Latitude. But, if the station has been changed, 
then in the direction of the course made good, set off the 
distance from any point in the straight line A A’; through 
this point draw a straight line parallel to A A’, and its in- 
tersection with B B'is the true Latitude ; corrected for 
change of station. 

6th. From this point let fall a perpendicular upon A 
, A’, and the length of this is the correction in miles to the 
first altitude ; additive, if the course sailed was towards 
Z; subtractive, if from it. 

7th. Produce this perpendicular towards the pole of 
illumination Z, and the angle it makes with the meridian 
is the sun’s true azimuth. 

8th. The difference of Longitude between any two 
pownts in either one of the two straight lines, is the error of 
Longitude consequent to an error of Latitude as great as 
the difference of Latitude between the same points at 
their respective times of observation. 


EXaMPLe V. 


{From Bowiditch.] 


“In a ship running N. by E. 7? E. per compass, 9 miles 
per hour, at 10" A. M. per watch, the correct altitude of 
the sun’s centre, was 13° 18’, bearing 8. 7 E. per compass ; 
at 1° 40" P. M. per watch, the altitude of the centre 
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was 14° 15'; the declination being 23° 28' §.; the Latitude ' 
by account, 48° 17' N. Required the true Latitude.” 

And also by this method are shown the true correction 
of the first altitude for change of station; the sun’s true 
azimuth and errors of Longitude by Chronometer, conse- 
quent to any error in the Latitude, when the time is noted 
by Chronometer. 

1st. The elapsed time, 3" 40" is equal to 55°, or the 
difference of Longitude of Z' West of Z. (Plate IL) 

2d. The two Latitudes less and greater than the Lati- 
tude by account, are 48° N. and 49° N. 

3d. Find the apparent times from noon (method 3. B) 
with these Latitudes, for each altitude. 


For tHe First Autirupr, 13° 18' A. M. 
For a point A, in Latitude 48° N. 


Lat. 48 N. - - - sec. 0.17449 
Dec. 23 288. - - - - sec. 0.03749 


Sum. 71 28 Nat. cos. 31786 
© Alt. 13 18 Nat. sin. 23005 


ae ak Diff - 8781 log, 3.94354 
24 6 = log rising, = 4.15552 
2 4 6 = 31° 13’ or diff’ Longitude (West, because 


A. M.) from Z, of the point A in Latitude 48° N. 
For a point A' in Latitude 49° N. 


Lat. 49 §8N. - + + sec. 0.18306 
Dec. 23 288. - - : - sec. 0.03749 
Sum. 72 28 Nat. cos. 30126 

© Alt.13 18 Nat. sin. 23005 

ae Diff. -. 7121 log, 3.85254 

1 52 37 = log rising, = 4.07309 

1 52 37 = 28° 92’ or diff’ Longitude (West, because 

A. M.) from Z, of the point A’ in Latitude 49° N. 
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For tHE Seconp ALtTITupE, 14° 15’ P. M. 


For a point B in Latitude 48° N. 
Lat. 48 N. : : - gee. 0.17449 
Dec. 23 288. - - - - sec. 0.03749 


Sum. 71 28 Nat. cos. 31786 
© Alt. 14 15 Nat. sin. 24615 


ee ee vat Diff - 7171 log, 3.85558 


1:51 53 = log rising, = 4.06756 
151 53 = 27° 583’ or diff. Longitude (East, because 
P. M.) from Z' of the point B in Latitude 48° N. 


For a point B' in Latitude 49° N. 

Lat. 49 N. ° ° ° sec. 0.18306 
Dec. 23 288. - - - - sec. 0.03749 
Sum. 72 28 Nat. cos. 30126 

© Alt. 14 15 Nat. sin. 24615 

H. M. 8S. Diff = ooll log, 3.74123 

1 38 51 = log rising, = 3.96178 
138 51 = 24° 423' or diff. Longitude (East, because 

P. M.) from Z, of a point B' in Latitude 49° N. 


Ath. To project A, A’, B, B’, Plate IT. 


A In Latitude 48° N., and in any Longitude, project a 
point; mark it “A 31° 13' West of Z.” 


From 31° 14'= Long. of A, West of Z, 
| Subtract 28° 92’ = Long. of A’, West of Z, 


Diff is 2524 = Long. of A’, East of A. 
Project A’, then, in Latitude 49° N., 2° 524’ East 
from A, and mark it “A’ 28° 94' West of Z.” 


Now find the difference of Longitude of A from Z’; 
one observation is A. M., the other P. M., (see rule.) 


Z is West of Z = 55° 00 by the elapsed time. 
A is West of Z = 31 014 


A, then, is East of Z' = 23 584 
Mark A, then, also, “A 23 584 East of Z'.” 
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From 27° 584 = Long. of B, East of Z, 
Subtract 23 584 = Long. of A, East of Z’, 


Diff is 38 59% = Long. of B, East of A. 
Project B, then, in Latitude 48° N., and 3° 593 
East from A, and mark it “B 27° 583' East of Z'.” 


From 24° 427’ = Long. of B’, East of Z’, 
Subtract 23 584 = Long. of A, East of Z’, 


B. Diff is 0 443 = Long. of B’, East of A. 
Project B’, then, in Latitude 49° N., and 0° 443’ 
East from A, and mark it, “B’ 24° 427° East of Z’.” 


5th. Join A, A’; B, B’, with straight lines; from any 
point in AA’, as for instance A, set off a point D; 33 miles 
N. by E. ¢ E.; through D, parallel to AA’, draw a straight 
line DL; its intersection with BB’ at the point L, is in the 
true Latitude at the time of the second observation, namely, 
48° 513° N. 

6th. From the point L, let fall a perpendicular LC on 
AA’; and LC is the correction in miles of the first altitude 
for change of station: namely, 22 miles subtractive by the 
scale. 

7th. Produce LC, towards Z, and it will make an angle 
CxM, with the meridian; this angle, or its opposite, which 
is the same, is the sun’s true azimuth, equal to S. 28° 16’ 
E., or 24 points from 8. nearly; and at the first observation 
the sun bore 8. 8. E. 3 E. nearly: (see note this Ex.) 

8th. If the Chronometer time had been noted at the 
_ first observation, in order to find the Longitude by Chro- 
nometer, and a second observation had not been observed, 
the true Latitude being, as we will suppose, 48° N.; then 
the ship would have really been at the point A, in the 
straight line AA’; but ifthe Latitude by account had been 
erroneous 20’ to the .; or 48° 20° had been used to find 
the “apparent time at the ship,” instead of 48° N., then 
the error of Longitude by Chronomer would be equal to 
the difference of Longitude between A and the point P in 
the line AA’, in Latitude, say 48° 20’ N.; or 57’ of Longi- 
tude; that is one mile error of Latitude gives nearly three 
minutes error of Longitude in this case. 
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The Latitude found above is 48° 513’ N., the Latitude 
by Bowditch, old editions, is 48° 55‘, by two operations; new 
editions, 48° 54’. The cause of this difference affords a 
good opportunity of testing the correctness of this method, 
without impeaching the accuracy of his rules. 

The reason of this apparent difference is, that he has ac- 
cidentally stated the sun’s bearing to have been S. i E, 
instead of S. 8S. E. 4 E., at the time of the first observa- 
tion. It is an error of no consequence in itself, as it 
serves to exemplify his rules as well as the true bearing 
would. 

This method gives 48° 55' for the Latitude, supposing the 
sun to have borne 8. } E.; and Bowditch’s method gives 
48° 5134' for the Latitude, if the sun bore 8. 8S. E. 3 E. 
For the Latitude of the place of the first observation by 
this method, is 48° 19’; and by his, 48° 23’, the Dec. is 23° 
28' §., and the first altitude 13° 18'; we have, then; 


©Alt 13°18 - - - sec. 0.01181 
P.D. 118° 28' - - - - sec. 0.17717 
Lat. 48° 19' | 
Sum. 175° 05' - - - cos. 8.63238 
Sum. 87° 323’ 
P. D. 113° 28’ 
Difk 25° 553' - : - - cos. 9.95394 
2)18.77530 
2 X 75° 52' cos. = 9.38765 
151° 44' ©’s azimuth from N. 
180° 00' 


28° 16' ©’s azimuth from S. 


Tf calculated with Latitude 48° 23', the o’s azimuth will 
be 28° 06', only 10’ difference. 

Now S. 8. E. $ E. is S. 28° 07' E. So it appears that 
the sun bore S. 8S. E. 4 E. nearly, and not 8. 7 E. 

Let us see, that supposing the sun bore 8. 7 E., the two 
methods agree. From L, Plate II, the true Latitude, draw 
a line LP, parallel to AD, meeting AA’ in P; it will be 33 

9 
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miles in Jength, on a course S. by W. 3 W., or N. by E. } 
E.; and P. will be the place of the first observation. 

Upon P, erect a perpendicular Py, which will be the 
sun’s true bearing (8. 8. E. 4 E.) at first observation; the 
angle yPL is the angle of the course sailed with respect 
to Py, or the sun’s bearing; make the angle yPs equal to 
1} points, and Ps will be in the direction 8S. 3} E.; make 
angle LPp, equal to yPs; then yPp will be the angle of 
the course sailed with respect to Py, if the sun bore 8.3 
k.; from P set off the point, p, on Pp, at the distance of 
33 miles; through p, draw a straight line pq, parallel to 
AA', and the intersection at q is the true Latitude 48° 55’, 
if the sun bore S. ? E.; which is the same as Bowditch. 

From q, let fall a perpendicular on AA’, meeting it in 
c; qc, should be the correction in mies to be subtracted 
from the first altitude if the sun bore S. 3 E.; this distance, 
qc’, measured on the Chart is 29 miles; now 29 miles is 
the correction in reality used by Bowditch. 

Thus it appears the two methods agree, but that the true 
azimuth is apparent by this method on inspection; and 
we learn, that an error of 17 points in the sun’s bearing, 
by his method, makes an error of about 4 miles in the 
Latitude, in this example. 


The preceding Problem includes the whole theory of 
double altitudes by this method; and however useful it 
may prove, it becomes much more so, when the times are 
noted by Chronometer; for then the Longitudes of the 
points A, A’, B, B’, become known at once; and thus the 
“elapsed time,” will not appear as such in the Problem ; 
for it enters into the Longitudes of the points B, B’, plac- 
ing them so much further West as greater time elapses 
between the observations; thus we shall only have to find 
in the usual way, the Longitude of the points by Chro- 
nometer, and project them in their respective Longitudes 
from Greenwich, and assumed Latitudes. 

And likewise, in accordance with Problem IIT, when 
_ the Latitude is uncertain, a single altitude of the sun be- 
comes of great value to determine the ship’s position, 
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because it shows the bearing of the land at any hour; in 
fact, as useful as two altitudes by any other method, when 
the times are noted by a common watch; and of equal 
value with a meridian observation ; because these only 
show the bearing of the land, in the parallel of Latitude ; 
this last only once in day; and the first usually requires 
two observations. 
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EY. 


APPLICATION OF THESE PRINCIPLES TO THE FIXED 
STARS, PLANETS, AND MOON. 


Double Altitudes may be classified as follows: 


CLASS L 
When the same body is observed at two different times. 


CasE 1. The sun. 
2. A fixed star. 


3. <A planet. 
4. The moon. 
CLASS IL 


When two different bodies are observed at the same tume. 


Case 5. Two fixed stars. 


6. Two planets. 
7. A planet and fixed star. 
8. Moon and fixed star. 
9. Moon and planet. 
10. Moon and sun. 


CLASS Il. 
When one body 1s observed at one tume, and a different body 


at another tume. 


Case 11. Two fixed stars. 

12. Two planets. 
13. A planet and a fixed star. 
14. The sun and a fixed star. 
15. The sun and a planet. 
16. The moon and a fixed star. 

17. The moon and a planet. 
18. The moon and the sun. 
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It is plain that the same results will follow, if any ce- 
lestial body is used, from which the apparent time at the 
ship can be known. It will be only necessary to consult 
the epitome upon the manner of finding the apparent 
time by any object observed; and apply this time in the 
same manner as when it is found by the sun’s altitude. 

The apparent time for the assumed Latitudes can be 
found from any of the fixed stars, or planets, with accu- 
racy, with a good horizon, and from the moon, when her 
right ascension and declination can be had. In all these 
cases, the arcs of the parallels of equal altitude corres- 
ponding to each altitude, are to be found in the same 
way as before. If the apparent time at the ship can be 
found from the altitude by any of the rules in the em- 
tome; and the Chronometer time is noted, then the Lati- 
tude and Longitude of each point may be at once pro- 
jected, as in the case of the sun; and if the times of obser- 
vation be noted by a common watch, then it may. be 
assumed that the “watch” shows approximate Greenwich 
time, by allowing its error, if fast or slow, as in Problem 
IIT, Practical Part. The above will in general be the most 
simple. method. 


But we may also. proceed as follows, the times pemne 
noted by watch. 

Assume two Latitudes, as before, with which, aa the 
true declinations of the body. at each observation, and the 
correct central altitudes, find the hour angles, or “appa- 
rent times from the meridian,” to which the body is ver- 
tical, (Method 3, B,) turn these times into degrees for their 
respective differences of Longitude, (East or West, accord- 
ing to which side of the meridian of the place of obser- 
vation the body was observed,) from their respective poles 
Zand Z’. 

The points A and A’ can be projected, as before; but to 
project B, B, with reference to AA’, the value of ‘the arc 
ZZ' must be found by one of the ‘following Rules; be- 
cause the elapsed time turned into degrees will not in all 
peeig express the difference of Longitude between Z 

This being done, BB' can be also projected, and the in- 
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tersection will show the true Latitude as before, allowing 
for change of station. 


All cases in which the moon is one of the bodies will 
be liable to error, unless the ship’s position in Longitude 
is nearly known beforehand, for her right ascension and 
declination must be known with accuracy at the time of 
observation, her motion being greater than any other 
body; in Case 4, however, it is only hourly motion in R. A. 
and the declinations that are required, and these can be 
ascertained nearly enough for common use. (See Appen- 
dix, Bowditch.) 

The sun’s and planets’ proper motion is much slower, 
and their R. A. and Dec. can be had accurately. 

The arc ZZ’ is greater than 180° (or must be subtracted 
from 360°) when the great circle which passes through the 
positions in the heavens, in which the bodies were ob- 
served, passes also below the elevated pole, the bodies 
being also observed on different sides of the meridian. 
{n all other cases ZZ’ is less than 180°. . 

All bodies situated below a great circle passing through 
the East and West points of the horizon and the elevated 
pole are below the pole. | 

Care must be taken not to mistake which pole, Z or Z, 
belongs to which object ; for this purpose it will be useful 
to remember, that the body which has the greatest alti- 
tude has its pole of illumination the nearest to the obser- 
ver; - always name the Eastern pole Z, the Western 
one Z. 

The nearer the bodies are observed at right angles 
to each other, whatever method of calculation is used, the 
more likely is the result to be accurate. 


Two of these bodies may be observed, either both East- 
ward from the meridian, or both Westward; or one East- 
ward, and one Westward ; and in this respect, the times of 
observation are similar to the two altitudes of the sun, 
which are observed either both A. M., both P. M., or one A. 
M. and one P. M.; in every case, for uniformity, it will be 
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proper always to call the Eastern pole Z, and the Western 
pole Z’; and having found the value of the arc ZZ’, to 
project the points A, A’; B, B’, Kastward or Westward of Z 
and Z’, as is designated by the body’s having been observ- 
ed when East or West of the meridian. 

With the exception of Class IL in all cases in which — 
the sun is not one of the bodies, a correction is to be ap- 
plied to the elapsed time, and is that quantity which is 
called XS in the following formulas. 

The motion of the stars is quicker than that of the sun; 
it takes the sun 24 mean solar hours to make an apparent 
revolution round the earth; but the stars do the same 
thing in about 23" 56™; in any given elapsed time, then, 
the stars will be a proportional distance West of the place 
where the sun would have been, had the sun been the 
body observed. The elapsed time being usually noted by 
- watch, which shows solar time. The motion of the plan- 
ets and moon is compounded of this motion, and their 
own proper motions in R. A. and Dectnation. 

This correction is 9°.85647 for every hour of elapsed 
time. The following Table is calculated to make this 
allowance in those cases where it is required. 


Table for finding the value of XS, in the formulas, during 
ET (Elapsed Time.) 


ET : xs || ET xs 
Hours. | min. sec min. sec. 
1 0 09.856 1 0.164 
2 0 19.713 2 0.329 eusncer ic ae ae 
3 0 29.569 3 0.493 The Elapsed Time is 
4 0 39.426 4 0.657 5° 17", what is the value 
5 0 49.262 5 0.821 of “ET+-XS8.” 
6 - 0 69.139 10 1.643 5° == 49°.282 
7 1 08.995 15 2.464 15"=—=— 2.464 
8 1 18.852 20 3.285 27=— 0.329 
9 1 28.708 25 4.107 52.075 = XS 
niger | eee | eee 
; bh 47m 408__ 
12 1 58.278 40 6.571 || Ans. 5°17" 52°== ET+- XS. 
45 7.392 
50 8.214 
55 9.035 
60 9.856 
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FORMULAS OR RULES 


To find the value of the Arc ZZ in hours, minutes, and 
seconds, which, being turned into degrees, 15° to an hour, 
gwes the Diff. Long. between Zand Z’. 


CLASS L 
When the same body is observed at two different times. 


Case 1. The Sun 
ZZ’ = ET, or the Elapsed Time. 
Case 2. A fixed Star 
LZ’ = ET + XS. 
Case 3. A Planet 
ZZ’ = ET + XS {7} Planets motzon in R. A. 
during ET, if R. A. is {pereasing 
Case 4. The Moon 
ZZ’ = ET + XS — »’s motion in R. A. 
during ET. 


In explanation of the rules. In Case 1st it has already 
been seen, that ZZ’ is equal to ET; but let P, (Plate VIIL 
fig. 1,) be the elevated pole, ESS’W be a parallel of dec- 
lination on which the R. A. is reckoned, HH’ a part of the 
horizon, O the place of the observer on the earth’s sur- 
face, and PO the meridian passing through P and O, the 
arrows show the direction of the apparent motion. 

Let S be the sun at the first observation, it is vertical to 
Z, (below the horizon.) After an elapsed time, the sun 
is again observed at 8S’; S’ is vertical to Z’; the arc SS’ is 
described by the sun, at the rate of 15° per hour of ET; 
the arc ZZ’ is then described in the same time; for the 
earth is a sphere, concentric with the celestial sphere ; 
and difference of Longitude between Z and Z’, or the arc 
ZZ’, is equal to the apparent difference of R. A. of S and 
S’ and is expressed by the elapsed time turned into de- 
grees, 15° to an hour; therefore ZZ’ = ET. 

Case 2d, (Lower portion figure 2.) Let * be the post- 
tion of a star, after an elapsed time by watch showing | 
solar time it will at *’; if ithad been the sun the second 
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altitude would have been taken when he was at oS, and 
the arc + S would be equal: to ET = ZZ’; but since the 
star moves quicker than the sun, it will have reached the 
position *' at X, during the elapsed time by watch; being 
an excess=the arc XS; x*1is vertical to Z’, and +*' is 
vertical to Z; ZZ’ then is equal to **' or = ET + XS; but 
since it is required to reckon the difference of Longitudes 
of Z and Z from O, the place of the observer on the earth’s 
surface, ZZ' must be taken greater than 180°; that is, ZZ’ in 
degrees, must be subtracted from 360°; because the great 
circle GC, which passes through the positions where the 
body was observed, and also observed on different sides 
of the meridian, passes below P, the elevated pole. 

This case is a simple one. 

Case 3d, (upper portion, figure 2,) Let P be the position 
of a planet when first observed ; itis vertical to Z; after 
an elapsed time by watch, it may be taken at P,, verti- 
cal to Z'; therefore ZZ'= PP’. If it had been the sun 
it would have been observed at So the second time; but 
PS = ET; and being a star, the correction XS must be 
added as before; and % is the place in which it would 
have been observed, had it been a fixed star; but during 
ET, it has moved from ; to P’, by its own proper motion 
in R. A., towards the East; * P' then must be subtracted 
the R. A. increasing): we have then (PX,) or A + a 
XP, or planet’s motion East, in R. A., during ET) = PP’= 

Z' as in the formula. Ifthe planet’s proper motion be to 
the West, or (R. A. decreasing,) it must be added to ET + 
XS. 


This is an easy case, by this method. 

Case 4. The moon, figure 2. This is sufficiently 
explained by the last; the moon’s motion im KR: A. being 
always i:., is always subtractive. 


| CLASS If 
When: two different bodies are obsérved at the same time: 


ZZ’ = Difference of! R. A. of the bodies at the instant 
of observation, in all the cases of' this class. 
In figure 3. The objects‘are observed on different sides 
of the rtieridian PO’; and the great circle GC passes abode’ 
10 
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the pole P; ZZ’ is therefore less than 180°. But in figure. 
4, the objects are observed on different sides of the me- 
ridian, and the great circle GC, passing through the posi- 
tion of the two objects, passes also below the pole P; there- 
fore, ZZ’ will be greater than 180°: then the Difference 
&. A. must be turned into degrees and subtracted from 
360° to find ZZ’. 

In the two cases in figure 5. Because the objects are 
both observed on the same side of the meridian PO, ZZ’ 
is Jess than 180° in both cases, although in one case GC 
is above, and in the other below the elevated pole. 

It is evident ZZ'= Difference of R. A. of the bodies, in 
all these cases. 

Those cases of this Class, in which the moon is not 
one of the bodies, are important, as the observations can 
be frequently taken with great accuracy ; particularly in 
the twilight, and they are attended with but little more 
trouble than the observations of the sun, because it is not 
required to find the “apparent time at the ship,” but only 
the hour angle, or that time which is found (Method 3, 
Bowditch,) in Table XXII, in column, “log rising.” 

But, if the apparent time at the ship is found for one 
point in each arc, and the Chronometer time is noted for 
each altitude, then the Longitudes of the other points, A, 
B', may be found, and the position of the ship in Latitude 
and Longitude. 

The RA of the fixed stars and planets, is, too, readily 
found, in the large edition of the Nautical Almanac. 


CLASS III. 


- When one body is observed at one time, and a differ- 
ent body at another time. 


This class comprehends a great. variety of circumstan- 
ces, under which the bodies may be observed. By a few 
examples, the manner of finding the value of ZZ’,.m any 
case, will be understood. 

Let A. figure 6, be the Eastern body, and the first ob- 
served ; and B, the other body, Westward from it. 

The are AB, is the difference. of R. A. of the bodies at the 
time . of - 1st observation. After. A is observed, and a time 
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has elapsed by. watch, A will have advanced West to a 
point S; and B will have reached T; let B be now ob- 
served at T, and TS is the difference of R. A. of the 
~ bodies at 2d observation. 

If Ais the sun, the arc AS, will be equal to the elap- 
sed time, ET; and ZZ’ is equal to the sum of the arcs 
AS, and ST: that i 1s, 

ZZ = ET + (difference of R. A. of the’bodies at tame of 
2d observation.) 

And ZZ’ is less than 180°; because GC is above the 
elevated pole. 

If Aisa fized star, it would have arrived at X, in the 
same elapsed time, instead of 8; then, TX will be dif- 
ference of R. A. of the bodies at 2d observation; and AX + 
TX = ZZ, that is, 

ZZ = ET + XS+ difference of R. A., 2d observation. 

If Ais a planet, and had no proper motion in R. A., it 
would be the same case as the last, and would arrive ‘at 
X; but having arrived at X, if it have a proper motion in 
RA. , Increasing, e going E. ,) it will during E'T, arrive at 
some "point b; and Tb will be the difference of R. A,, 2d 
observation; we have, then, ZZ'= AT = ET + XS— (Zb, 
or planet’s motion in R. A,, during ET,) + difference of 
R. A. at 2d observation. 

But when the planet’s motion in R. A. is West, (or in- 
creasing,) then it would have arrived at some point a, during 
ET, and Xa, must be added. Ta would then be ‘the dif. 
ference of R. A. at 2d observation. 

If Ais the moon, her motion in R. A., during ET, being 
always East, (or increasing,) must be always subtracted, 
and we have 

ZZ’ = ET + XS—Xb + R. A., 2d observation. 

Figure 7. If A be the Kastern body ; and B, the West- 
ern body, is first observed, and A is not observed until it 
reaches S, having passed the position in the heavens 
where B was observed at B, then, 

If A is the 0; AS, is the elapsed time, and AB, the 
difference of R. A. at 1st observation; SB is equal to ZZ’, 
and ZZ’ = ET — difference of R. A. 1st observation. 

But if Bis the sun, TB is the elapsed time, and TS 
the difference of R. A., 2d observation, then 

ZZ’ = ET — difference of. R. A., 2d observation. 


Figure 8. If Ais the Sun, the astern body, and frst 
observed, after an elapsed time, it will reach S; and B, 
the other body, will reach T, which then observe; then, 
AS= ET; and TS= difference of R. A., 2d observation ; 
and AT = ZZ’; then 

ZZ' = difference of R. A., 2d observation — ET. 
_ The bodies being observed on the same side of the 
meridian, ZZ’ is less than 180°. 

In figure 6. A, the sun, was also the Eastern body, 
and first observed, but the rule for finding ZZ’, is differ- 
ent, because both objects were above the pole, and the 
apparent motion was from East to West; but in this case, 
both bodies being below the pole, the apparent motion is 
reversed, or from West to East, and in this case we might 
with propriety call A West of B, although it appears to be 
East of it, and will appear so, when both are above the 
pole. 

In this manner, by attention to the circumstances of the 
observation, a rough diagram may be made, and the val- 
ue of ZZ’ may be readily found; and it will be necessa- 
ry, for this purpose, for one of the cases of “ Class III,” to 
notice 

1st. What two bodies are used. 

2d. Which was first observed. 

3d. Which was the Eastern. 

Ath. Which sede of the meridian was each observed. 

5th. Did the great circle passing through the positions 
in the heavens where observed, pass also below the eleva- 
ted pole ? 

6th. Does the body 2d observed, after it passed the po- 
sition in the heavens, when the other body was previously 
observed ? 

These two last considerations will seldom be required, 
but to include all possible circumstances they are given. 

By using discrimination in the bodies used, these ob- 
servations will be found useful, and when familiar with 
the principles, they will be found quite simple. 

The motion of the planets in R. A. is generally small 
during ET, and can for the most part be neglected; a 
glance at the Ephemeris of the planets in the Nautical 
Almanac, is sufficient to determine this. The planets, 
when in the most favorable situation for observation, are 
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stationary ; and they will be found exceedingly useful for 
these observations; or for their meridian observations for 
the Latitude; but the moon cannot be always relied on 
for a meridian altitude, because her meridian altitude is 
not always her greatest altitude; and unless the ship's 
position in Longitude, or the Greenwich time is well 
known beforehand, it will be impossible to be aceprate 
in finding her R. A. and Declwagion. 
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Vv. 


CURRENTS IN THE GULF OF MEXICO AND THE FLORIDA 
~ STREAM. 


By Plate IX, are shown the currents experienced in 
the Gulf, in June, 1840. 

The position of the ship was found by the method of 

projection ; and the accuracy of the work was tested by the 
usual meridian observations, and Chronometer sights, the 
sun bearing E. or W. 
- The land was not seen, neither any light, after leav- 
ing the Mississippi. Soundings were had on the Tortugas 
Bank, on the evening of 2ist June, but the ship was 
some 20 miles further E. than marked on the chart for 
the noon of that day; for only the distances, made good 
from noon to noon, are shown by the chart. 

The full black line ——-——= shows the true course and 
distance daily, by Chronometer, &c. 

The light black line —- shows the course and 
distance by log, carefully attended to; and is carried out 
without correction for the observations, for the whole 
distance from the 10th to the 25th inclusive : 

The dotted lines....... show the daily courses and 
distances by log, reckoned from the position of the ship 
at each preceding noon determined by observation ; and 
the daily differences caused by currents. 

The arrows point in the direction of the current, and 
the velocity is marked in miles and parts. To prevent 
confusion on the chart, they are placed at the ends of 
the dotted lines. They should be referred to the full black 
lines, in order to show the place where the currents exist- 
ed; thus, between 18th and 19th, on the full black line, 
the current was S. by W. ? W., 22 miles per hour. 

The figure of the ship on the 10th, shows which way 
she headed, while the full black line shows which way 
she was going over the ground. 
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EXTRACT FROM THE JOURNAL. 


IN THE GULF OF MEXICO. 


Velocity. 
miles. 


error 
Clear weather, Under in 24 


throughout. | what sail. Direction, 


poet Dist. Course. | Winds. 


ihours. 


June 10/105 SE4S8S iIENE 4E_ |strong br’zs.|s. reefs | 75 {31-5 |W@N 
11] 96 |SE bS ENE §E do. do. 34 |11-2 INEbDN 
12, 95 SSEZE |E§N do. do. 43 |13-4 |INE4N 
13} 88 ISSEZE |E4N fresh reefs out) 42 |13-4 |NNW # 
14, 35 SEbE E ENE livht all sail| 53 {21-5 |WbN4 
15| 84 SEbEZEINE fresh do. 66 |31-12 |WbN4 
16; 9S |ENE SE 458 do. do 50 |21-12 |W3N 
17} 8& INEbDE4ZE\SE4E do. do 17 3-4 |NWé@N 
18} 70 |NEbE ¥ E|SE moderate do 54 123-4 [SbW4 
19 65|SbEZE |E4S do. O. 20 5-6 {WNW 
20| 71 |E4N SSEZE do. do. 26 |1 1-12 |WNW#% 
211 951S 4 W SEbE gE fresh do. 25 |1 NbE4 

IN THE FLORIDA STREAM. 
22| 53 ESE 
twoltacke } ESE strong do. 70 (21-12 iIEQN 
23/150 |NNE ESE fresh do. 70 |}211-L2INEQ4N 
241156 IN 4 W ESE moderate do. 68 |2 5-6 


E4N 


Whole amount of current in every direction in 15 days = 735 miles. 


It will be seen by the Plate, that if no observation had 
been taken, that the “Dead Reckoning” placed the ship 
in the Fair Way of the Stream, on the 19th of June. — But 
if a course had then been shaped to the Northward, a 
run of 40 hours would have put the ship ashore, in about 
Longitude 84° Latitude 30°. 

The various directions and velocities of the currents, 
and the uncertainty of their duration, show how little de- 
pendence is to be placed in any “Reckoning” when 
thick weather prevents observations, and that a good look- 
out is essentially necessary. 
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